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{Hall 2, September 20, 11.15 a. m.) 

Chairman: Professor William G. Farlow Harvard University. 
Speakers: Professor John M. Coulter, University of Chicago. 

Professor Jacques Loeb, University of California. 


DEVELOPMENT OF MORPHOLOGICAL CONCEPTIONS 


BY JOHN MERLE COULTER 


[John 

Chi< 

lege 


versity, 1891-93; President, Lake Forest University (In.) 1893-96; Head of 
the Department of Botany, University of Chicago, 1896. Member, hello*. 
American Association for the Advancement of Science; Botanical Society of 
America? Sate Fellow. American Academy of Arts and Sc.ence; Acad^.me 
Internationale de Geographic Botamque. Author of Synopsis of the l loro of 
Colorado; Manual of the Botany of the Rocky Mountain Region; Handbook of 
Plant Dissection; Revision of North American Umbcllifera; Manual of the Bot- 
anu of the Northern United States; Botany of H estem Texas; A Synopsis o\ 
M y e^anan4Ce^ral American UmbellifZa; Morpholo<jy of Gymnosperms; 
Morphology of Angiospcrms; Plant Relations; Plant Structures; I lant Studies.) 

Any outline of the progress of biology during the century com¬ 
memorated by this Exposition that is compressed within a single 
address must be either inadequate or must restrict itself to some 
single point of view. The latter alternative must be the one chosen, 
not only on account of the vastness of the material, but chiefly that 
personal experience may give some value to the presentation. In 
the present address, therefore, certain limitations become necessary. 

and in this case they are very natural. _ 

In the first place, it would be presumptuous in me to include zo¬ 
ology in any review of progress, for botanists, as a rule are stnc y 
limited by their material, and have never confounded botany *ith 
biology. It is true that such subjects as morphology and ph>sio ogv 
are not to be limited by any barrier that may be set up between 
plants and animals, but it is also true that the material and hteratuic 
with which one is familiar do not often cross this barrier. At the same 
time, I think it must be recognized that botany and zoology have 
been mutually stimulating, every real advance m the one having 
given an impetus to the other, and that, as a consequence, their 
progress has been largely along parallel lines. Hence a review of any 
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phase of the progress of the one may serve as an indication of the 
progress of the other. 

In the second place, to outline the progress of biology even from 
the standpoint of botany is too large a subject to be included in the 
grasp of any one man in such a way that he can recognize the move¬ 
ments in his own experience. The general botanist no longer exists 
except in name, and any general survey of botanical activity would 
have to be a compilation rather than a contribution. With these lim¬ 
itations, it becomes necessary for me to restrict myself largely to such 
an outlook as is given by plant morphology, and even then to speak 
only of those conclusions that come naturally to one in contact with 
the morphology of vascular plants. And yet I believe that a history of 
the development of the fundamental conceptions of plant morphology 
may be taken as a fair illustration of what has been going on, not only 
in botany in general, but also in biology. 

In the third place, the period included in this survey of plant mor¬ 
phology need not extend beyond the middle of the last century, for at 
least three reasons: (1) The earlier progress of the science has been 
outlined by Sachs in his admirable History 0 / Botany; (2) modern 
morphology finds its beginnings in a very real sense in the work of 
Hofmeister; and (3) Darwin’s theory of natural selection gave the 
strong evolutionary impulse that it has felt ever since. 

My principal theme, therefore, is the development of morphological 
conceptions as illustrated by plant morphology. 

It would be confusing to introduce the mass of details and the 
names of investigators suggested by this subject. Nor would there be 
any advantage in recording the changes of conceptions in reference to 
the great variety of structures developed by the plant body and in re¬ 
ference to their relation to one another. My purpose is to illustrate the 
general change of attitude, the shifting of the point of view, in refer¬ 
ence to plant organs, as knowledge has increased. No definite names 
or dates can be cited, for the movement has been general and gradual, 
developed out of common experience and proceeding from the back¬ 
ground of accumulated knowledge. Disregarding the numerous pos¬ 
sible subdivisions, the attitude of mind towards a plant organ during 
the last half-century has presented three distinct phases. 

I. The Phase oj the Mature Organ 

At the beginning of the period under consideration, the morpho¬ 
logist concerned himself chiefly with completed organs, and an over¬ 
shadowing rigid taxonomy compelled the idea of their classification. 
A few theoretical types of organs had been selected, and all organs 
^ ere forced by the doctrine of metamorphosis to lie upon this Pro¬ 
crustean bed. All parts of vascular plants, for example, 


were re- 
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garded as roots, stems, or leaves under various disguises. It does not 
seem unreasonable to characterize this conception as the arbitrary 
selection of an ideal type, the natural offspring of the conception of 
ideal types that prevailed in taxonomy. In other words, morphology 
was dominated by taxonomy, and morphologists were first and 
chiefly taxonomists. It is this phase of morphology that must con¬ 
tinue to be exploited chiefly by taxonomists, and which still remains 
in those conservative schools in which instruction lags far behind 
research. This doctrine of types resulted in the cataloguing of organs 
just as species were being catalogued, and, although capable of re¬ 
cording material, it was incapable of advancing knowledge. 

An accompaniment of this mental attitude was the explanation of 
metamorphoses. It is almost impossible for one age to conceive of the 
mental condition that was satisfied with the explanations of a previous 
age. In this case it must be remembered that the earlier botanists 
were either ecclesiastically trained or not trained at all, and to them 
it was entirely satisfying to explain all metamorphoses upon teleo¬ 
logical grounds. It is a matter of great surprise, however, to note how 
this point of view is still maintained by some investigators who have 
abandoned the doctrine of types, and in every other respect are inhal¬ 
ing a modern atmosphere. 

One serious result of belief in the doctrine of types was the use of 
the most complex structures to explain the simpler ones; the reading 
of complexity into simplicity. For example, the typ.e flower selected 
was one that had become completely differentiated; in short, a highly 
organized flower. This was read into all simpler flowers, and was even 
carried over the boundary of angiosperms and applied among gymno- 
sperms, to the utter confusion of terminology and understanding. 
Fortunately for the students of cryptogams, a great gulf was thought 
to be fixed between plants with seeds and those without, and this the 
flower did not cross. 

It is safe to say that this phase of morphology, with its types and 
teleology, and its use of complex structures to interpret simple ones, 
is now in its decline. 

II. The Phase of the Structure of the Developing Organ 

This type of morphology has chiefly characterized the period under 
consideration. Its fundamental conception is evolution; its purposei^ 
to discover phylogeny: and its method is based upon the belief that 
ontogeny recapitulates phylogeny. As a consequence, there was de¬ 
veloped for the first time what may be called a philosophy of the plant 
kingdom, organizing the det ails of morphology into one coherent whole 
about such central facts as alternation of generations and heterospory. 
Study of the metamorphoses of plant organs was replaced by a study 



6 BIOLOGY 

of their development and of “life-histories,” and the earliest stages of 
gametophyte and sporophyte and reproductive organs were scrutin¬ 
ized and recorded in the greatest detail in the search for relationships. 
Shifting its centre of gravity from the mature organ to the nascent 
organ, morphology departed very far from special taxonomy, while at 
the same time it was laying the solid foundation for general taxonomy. 
The reversal of old ideas was conspicuous, and much of the old ter¬ 
minology was found to be false in suggestion and almost impossible to 
shake off. For example, it has been a constant surprise to me to see 
the persistent use of a sex terminology in connection with flowers by 
those who must know better, and who must know also that they are 
helping to perpetuate a radical misconception. 

A still more important result of this change of front in the mor¬ 
phological attack was the necessary reversal of the method of inter¬ 
pretation. No longer was the flower of highly organized angiosperms 
read down into the structures of the lower groups; but from the sim¬ 
plest beginnings structures were traced through increasing complex¬ 
ity and seen to end in the flower, explaining what it is. This meant 
that evolution had replaced the old idea of types and metamorphosis, 
and was building facts into a structure rather than cataloguing them. 
This spirit of modern morphology has not as yet dominated instruc¬ 
tion. Its facts are developed in all their detail, abundantly and skill¬ 
fully, but very seldom do the facts seem to be coordinated. The old 
spirit of accumulat ing unrelated material still dominates teaching, and 
crams the memory without developing permanent tissue. 

The detailed developmental study of plants and their organs gave 
rise to what has been called morphological cytology, but it is an un¬ 
fortunate differentiation, for cytology merely pushes the search for 
structure to the limits of technique. It is becoming more and more 
clear that every morphologist must also be a cytologist; and certainly 
every cytologist should be a morphologist; and there is no more reason 
for differentiation on this basis than on the basis of objectives used. 

While fully recognizing the magnificent development of morpho¬ 
logical knowledge that has resulted from this point of view, it is inter¬ 
esting to note running all through it much of the rigidity of the older 
morphology, leavened to a certain extent by the demands of evolution. 
Certain definite morphological conceptions were established, and 
organs were as rigidly outlined and defined as under the old regime. 
For example, there were no more definite morphological conceptions 
than sporangium, antheridium, and arohegonium. Unconsciously, 
perhaps,a type of each was selected, this time from their display in the 
lower plant groups; and this type was read into the structure of higher 
groups. The distinctly outlined antheridia and arehegonia of bryo- 
phytes were compelled to remain just as distinct of definition when 
they become confused among surrounding tissues in* the pterido- 
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phytes; and the beautifully distinct sporangium of the leptosporan- 
giates compelled the idea of an imbedded sporangium among the 
eusporangiates. In other words, the concept included non-essential 
with essential structures, a distinct wall about a sporangium being 
just as much a part of the definition as the sporogenous tissue, and its 
presence compelled even in the absence of any occasion for it. It can 
hardly be doubted that this was a heritage of habit from the older 
morphology, for it is in a sense a continuation of the conception of 
types The recent morphologist who traces a sporangium wall into an 
anther is the same in spirit as the older morphologist who saw in the 


stamen a transformed leaf. 

Associated with this rigidity of conception as to structure was the 
idea of predestination, and search was made for the cell or cell-group 
that was foreordained to produce a given structure. There was no 
idea that the fate of these cells might be changed or that other cells 
might share it. The repeated attempts to discover an exact definition 
of the term archesporium will serve as an illustration; and the re¬ 
peated failures should have warned sooner than they did. Indif¬ 
ference of primordia was not thought of, and each living cell was 
conceived of as having only a single possibility. 

The idea of unvarying sequence and predestination not only en¬ 
tered into the conception of developing organs, but also directed an 
immense amount of work in connection with the early embryonic 
stages of both gametophyte and sporophyte. So far as my own expen- 
ence is concerned, it was in this connection that the conception of 
rigidity broke down. The multiplication of observations caused defi¬ 
nite sequence and predestination to vanish in a mare of variations. 
This type of morphology was necessarily its own corrective, for rigid¬ 
ity could not stand before the accumulation of facts. In a sense, rigid¬ 
ity of conception is easier to grasp, and certainly simpler o present 
than flexibility of conception, for the human mind seems todenumd 
its knowledge in labeled pigeon-holes. This same spin po ^ ' 1 
the attitude of the morphologist of this period towards Ins ultimate 
purpose for phylogeny to him was rather a simple conception. • ini- 
ilarity of structure meant community of descent. Such » eoml. ion as 
heterospory, such a structure as the seed, or such an , z “ 
the sporophyte, was attained once for all, and the mm plant or 
group became the fortunate ancestor of all heter^sporous plants o 
spermatophytes, or sporophytes. This was phylogeny made easy^ 
Multiplied observations showed that similarity of at ructure often doe 
not indicate community of descent, and we are staggered before the 

’’SSSZ 0 ^morphology that we have been pleased tc, call cyto¬ 
logy has had the same experience. It was hoped that the more funda 
mental structures would show some reasonable constancy of ph - 
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nomena, some rigidity in detail; but we have been confronted here 
again by endless variation, and hence most diverse interpretation of 
results. 

Clearly, belief in a rigid sequence or in predestination could not be 
maintained; and in a real sense morphologists have been cataloguing 
material for study, and their real problems lie behind these endlessly 
variable details. 

The phase of morphology just described has certainly been domi¬ 
nant during the last half-century, with phytogeny as its chief 
stimulus, and a rigidity of conception that only a multitude of facts 
could break down. It is a type that must always exist, as taxonomy 
must always exist, and it must be considered fundamental in 
familiarizing with material; but, perhaps, it may be said now to be 
at its culmination as the dominant phase. 


III. The Phase of the Influence of Changing Conditions upon the 

Developing Organ 

This means experimental morphology, and so far as organs are 
concerned its purpose is to discover the conditions that determine 
their structure and nature. All idea of rigidity has disappeared in 
the fundamental conception of the capacity of living cells to respond 
to varying conditions. What may be the possibilities of variations 
and what may be the exact conditions responsible for variations, 
arc questions to be answered by experiment. If the oldest morpho¬ 
logy is in its decline, and the current morphology at its culmination, 
experimental morphology may be said to be in its inception. It is 
easier to judge of a movement at its decline or culmination than at 
its inception, and experimental morphology as yet is fuller of pro¬ 
mise than of performance. In any event, it was an inevitable phase 
when multiplied variation had broken down the conception of rigid¬ 
ity. The fundamental question of the possibilities of living cells is im¬ 
mediately confronting us; and the range of these possibilities may 
he considered under three heads. 

( 1 ) The Varying Structure of an Organ. Perhaps leaf variation, 
which enters so largely into taxonomy, may be used as an illustra¬ 
tion. \Mien, under experimentation, leaves can be made to vary 
from narrow to orbicular, from dissected to entire, and the exact 
physical condition determined that induces the result, any idea of 
rigidity in the form or structure of an organ must disappear. An 
observed narrow range of variation in nature may be regarded as an 
indication of the narrow range of conditions rather than of the nar¬ 
row range of possible response on the part of the organ. From this 
point of view an organ is represented by its essentials, without refer¬ 
ence to n s non-essentials, and so we are now thinking of sporangia in 
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terms of sporogenous tissue, without reference to the presence or 
absence of a morphologically constant wall; of archegonia as axial 
rows of potential eggs, without concern for an exact morphological 
definition of the sterile jacket. The main question is, what deter¬ 
mines the formation of sporogenous tissue rather than of sporangia; 
what determines the formation of eggs or sperms, rather than of 

archegonia and of antheridia? T 

(2) The Possibilities of Primordia. This has to do with what 1 
have called the doctrine of predestination. It is more than a ques- 
tion as to the variable form or structure of an organ; it is a question 
as to the variable nature of an organ that may arise from a given 
primordium. When primordia that usually develop microsporangiate 
organs produce megasporangiate ones, or vice versa; when the same 
plant body produces sporangia or gametangia in response to con¬ 
ditions imposed by the experimenter; it becomes evident that pn- 
mordia may be indifferent not only as to form, but also as to nature. 

This meant a general unsettling of morphological conceptions 
To find, for example, that a given cell is not set apart from its first 
appearance to function as an archesporial cell, but that there are as 
many potential archesporial cells as there are cells in an extensive 
tissue; and further to find that the archesporial cell when d.scov- 
ered by its functioning does not necessarily produce all the s P or °8^ 
nous tissue, is to abandon the idea of predestination and of defining 

structures on a rigid morphological basis. ... . 

(3) The Origin of Species. Probably the greates triumph o 
experimental morphology thus far is that it has put the problem of 
the origin of species upon an experimental basis. The abili \ 5 

and to vary promptly and widely, when considered ~'t.on 
with structures used by taxonomists, means new species 
tain conditions. To analyze these conditions is a P™ blem of e "" m ° ( , 
complexity, but to have the problem clearly before us s but he 
prelude to its solution. There is still a tendency to call , ™*' 
ent that are not apparent, but this is a habit not eas,y• ou ^ 
and such a problem as the origin of species will long have 

venient category of “inherent tendencies." -rsnective 

Certain conclusions are inevitable as one consider.-, t 1 
opened by experimental morphology. .. j «< u: n _ 

L the first place, it would seem that what we ha«'f 
logical laws” are also the laws of physics and ch ■ >» metho d 

experimenter must be prepared to use all the refinements of method 

developed by physicists and chemists. > uc > 0 the extreme 

the name of experimental morphology is as >e cr ' ^ 

and we are often left with a confusing plexus of «»"dxt. 0 "S rather 
than with a satisfactory analysis. To grow plants, to observe eerta. 
results, and to draw conclusions, too frequently means the arbitrary 
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or ignorant choice of one factor out of a possible score to be found in 
the uncontrolled conditions. 

In the second place, that phase of ecology which deals with what 
are called “adaptations to environment” simply catalogues the 
materials of experimental morphology and must be merged with 
it. To retain it as a distinct field of work is to doom it to sterility, 
for it can only bear fruit as it becomes an experimental subject, and 
then it is experimental morphology. 

In the third place, experimental morphology, with its background 
of physics and chemistry, is more closely related to physiology than 
it is to the older phases of morphology; which leads to the conclu¬ 
sion that the fundamental problems of morphology are physiological. 
We may look at the situation from either standpoint, and say that 
the most recent phase of morphology intrenches upon physiology, 
or that the boundaries of physiology must be extended enough to 
include morphology. To-day the two subjects are handicapped; 
for morphologists are not physiologists enough to know how to 
handle and interpret their material, and physiologists are not mor¬ 
phologists enough to know the extent and significance of their 
material. The training of the future must not differentiate these 
two subjects still further, but must combine them for effective re¬ 
sults. 

This modern tendency to cross old-established boundaries be¬ 
tween subjects is evident everywhere. Physiology and chemistry 
have long possessed common territory; plant morphology and phy¬ 
siology have now found no barrier between them. This simply means 
that so long as we deal with the most external phenomena our sub¬ 
jects seem as distinct from one another as do the branches of a tree; 
but when we approach the fundamentals we find ourselves coming 
together, as the branches merge into the trunk. The history of botany, 
beginning with taxonomy, has been a history that began with the 
tips of the branches and has proceeded in converging lines towards 
the common trunk. The fundamental unity of the whole science, 
in fact, of biological science, however numerous the branches may 
be, is becoming more and more conspicuous. Already the old lines 
of classification have become confused, and one looking through 
any recent list of papers finds it impossible to classify them in terms 
of the old divisions. Investigators are now to be distinguished by 
particular groups of problems in connection with particular material, 
and all problems lead back to the same fundamental conceptions. 
In other words, the point of view is to be common to all investigators, 
and until it is common their results will not reach their largest sig¬ 
nificance. ® 

A fourth consideration is the result of all this upon taxonomy. It 
seems clear to one who was originally trained in taxonomy, and 
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who has passed through all the phases of morphology described 
above, that the conception of species has become so radically changed 
that a reconstructed taxonomy is inevitable. When the doctrine of 
types disappeared, and when experimental morphology showed the 
immense possibilities of fluctuation in taxonomic characters, the 
taxonomy of the past was swept from its moorings. Taxonomy 
must continue its work as a cataloguer of material, but to catalogue 
rigid concepts is very different from cataloguing fluctuating varia¬ 
tions. To do the latter on the old basis is being attempted in 
certain quarters, but it soon passes the limit of usefulness and sets 
strongly towards the mere recording of individuals. Some new 
basis must be devised, and it must be a natural and useful expres¬ 
sion of the relationships of forms as suggested by experimental 


morphology. , 

That this history of the progress of morphology, just outlined, is 
a fair indication of general tendencies may be illustrated from plant 
anatomy. This subject, not well differentiated from plant mor¬ 
phology among the lower groups, has developed a very distinct 
field of its own among vascular plants. Its early phase was that of 
classification, in which types of tissues were rigidly defined This 
definite catalogue of tissues continued to be used after evolution¬ 
ary morphology was well under way, and morphologists gradually 
abandoned any serious consideration of it, just as they had cu 
loose from the old taxonomy. In text-books the juxtaposition of 
morphology upon an evolutionary basis und a little anatomy upon 
a strictly taxonomic and artificial basis became very familiar. 

Recently a second phase of anatomy has begun to appear, and 
we find it upon an evolutionary basis. Investigation has passed from 
the study of mature tissues to the study of developing tissues, and 
the seedling is more important to the anatomist than the adult 
body. As in the corresponding phase of morphology, the und 
mental conception of this new phase is the theory of recapitulation, 
and its ultimate purpose is phytogeny. It views tissues as n • 
phology views organs, and is attacking the same general - ' 

In so doing it becomes a special field of morphology no more to be 
separated from it than are morphologists who study flic - I > 
to be separated from those who study the gametophy e lt .s s.mpb 
the development of another line of attack '' 1 ™ m°r, ■<J.gucal prob 
lems. This anatomical morphology, as it may l>c caUed ha, yet to 
accumulate its share of results, and there is no 
more in present need of investigators. From the small beginning 
it has made it is evident that it must check the conclusion o . 
older morphology at every point. Even now no statement as 
phylogeny can afford to neglect the testimony o ana 01 - • 

This second phase of anatomy promises to be accompanied by a 
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third, which finds its parallel and probably its suggestion in experi¬ 
mental morphology. In its incipient stage it is known as ecological 
anatomy, just as another phase of ecology preceded and then became 
merged in experimental morphology. Ecological anatomy can 
make no progress until it becomes an experimental subject, and 
then it is experimental anatomy, which holds the same relation to 
experimental morphology that evolutionary anatomy holds to evo¬ 
lutionary morphology. In other words, it is the same subject, w r ith 
the same methods and purpose, and differing only in the struc¬ 
tures investigated. And thus anatomy reaches the physiological 
basis, and as a part of morphology fills out the structures to be 
investigated from this standpoint. 

There remains a region of ecology so vast and vague that it must 
be considered by itself for a time. It deals with such complex re¬ 
lationships as exist between soil, topography, climate, etc., on the 
one hand, and masses of vegetation, on the other. Just because it 
is vast and vague ought it to be attacked. The little incursions that 
have been made indicate the possibilities. It evidently includes 
some of the great ultimate problems. As yet it cannot define itself, 
for it seems to have no boundaries. Its materials were evident but 
entirely meaningless in the earlier history of botany, for it needed 
all of our progress before it could begin to ask intelligent questions. 
By virtue of its late birth it promises to develop more rapidly than 
any other phase of botany. And yet, beyond the inevitable prelim¬ 
inary classification of material, its real progress is measured by its 
experimental work conducted upon a definite physiological basis. 
Tentative generalizations are numerous and necessary, but they are 
merely suggestions for experiment. When one understands the close 
analysis necessary in the simplest physiological experiment, the pro¬ 
blems suggested by this phase of plant ecology are appalling; but I 
see in the whole subject nothing but the largest application of physi¬ 
ology to the plant kingdom. 

And now that the various phases of botany all seem to rest upon 
physiology, it must be apparent that the most fundamental pro¬ 
blems are physiological. It is only recently that the development of 
plant physiology has justified this relationship. Its own history has 
been one of progress from the superficial towards the fundamental, 
from the behavior of a plant organ to the behavior of protoplasm. 
And here it becomes identified with physics and chemistry; and in a 
very real sense botany has become the application of physics and 
chemistry to plants. 
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I 

The task allotted to me on this occasioh is a review of the develop¬ 
ment of biology during the last century. The limited time at our 
disposal will necessitate many omissions and will force me to coniine 
myself to the discussion of a few of the departures in biology which 
have led or promise to lead to fertile discoveries. 

The problem of a scientific investigator can always be reduced to 
two tasks; the first, to determine the independent variables of the 
phenomena which he has under investigation, and secondly, to find 
the formula which allows him to calculate the value of the function 
for every value of the variable. In physics and chemistry the inde¬ 
pendent variables are in many cases so evident that the investiga¬ 
tion may begin directly with the quantitative determination of the 
relation between the change of the essential variable and the func¬ 
tion. In biology, however, the variables, as a rule, cannot be recog¬ 
nised so easily, and a great part of the mental energy of the investi¬ 
gators must be spent in the search for these variables To give an 
example, we know that in many eggs the development onl> bc^in. 
after the entrance of a spermatozoon into the egg. The sper ma 
must produce some kind of a change in the egg. which ^ responsible 
for the development. But we do not know which varmbte in the 
egg is changed by the spermatozoon, whether the latte p 
chemical o/an osmotic change, or whether it brings abou ai change 
of phase or some other effect. It goes without saying that a theory 
of sexual fertilization is impossible until the independent variable 
in the process of sexual fertilization is known. 

The investigations of the biologist differ rom those of the 
chemist and physicist in that the biologist deals with the analys s 
of the mechanism of a special class of machines. Living organisms 
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are chemical machines, made of essentially colloidal material, which 
possess the peculiarity of developing, preserving, and reproducing 
themselves automatically. The machines which have thus far been 
produced artificially lack the peculiarity of developing, growing, 
preserving, and reproducing themselves, though no one can say 
with certainty that such machines might not one day be constructed 
artificially. 

The specific and main work of the biologist will, therefore, be 
directed toward the analysis of the automatic mechanisms of develop¬ 
ment of self-preservation and reproduction. 

II. The Dynamics of the Chemical Processes in Living Organisms 

The progress made by chemistry, especially physical chemistry, 
has definitely put an end to the idea that the chemistry of living 
matter is different from the chemistry of inanimate matter. The 
presence of catalyzers in all living tissues makes it intelligible that 
in spite of the comparatively low temperature at which life phenom¬ 
ena occur the reaction velocities for the essential processes in living 
organisms are comparatively high. It has been shown, moreover, that 
the action of the catalyzers found in living organisms can be imitated 
by certain metals or other inorganic catalyzers. We may, therefore, 
say that it is now proved beyond all doubt that the variables in the 
chemical processes in living organisms are identical with those with 
which the chemist has to deal in the laboratory. As a consequence of 
this result chemical biology has during the last years entered into 
the series of those sciences which are capable of predicting their 
results quantitatively. The application of the theory of chemical 
equilibrium to life phenomena has led biological chemists to look 
for reversible chemical processes in living organisms, and the result 
is the discovery of the reversible enzyme actions, which we owe to 
A. C. Hill. I think it marks the beginning of a new epoch of the 
physiology of metabolism that we now know that the same enzymes 
not only accelerate the hydrolysis, but also in some cases, if not 
generally, the synthesis of the products of cleavage. It is not im¬ 
possible that the results thus obtained in the field of biology will 
ultimately in return benefit chemistry, inasmuch as they may en¬ 
able chemistry to accomplish syntheses with the help of enzymes 

found in living organisms which could otherwise not be so easily 
obtained. 

A very beautiful example of the conquest of biological chemistry 
through chemical dynamics is offered by the work of Arrhenius and 
Madsen These authors have successfully applied the laws of chem¬ 
ical equilibrium to toxins and antitoxins so that it is possible to 
calculate the degree of saturation between toxins and antitoxins for 
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any concentration with the same ease and certainty as for any other 
chemical reaction. 

We know as yet but little concerning the method by which enzymes 
produce their accelerating effects. It seems that the facts recently 
gathered speak in favor of the idea of intermediary reactions. Ac¬ 
cording to this idea the catalyzers participate in the reaction, but 
form combinations that are again rapidly decomposed. This makes 
it intelligible that at the end of the reaction the enzmes and cataly¬ 
zers are generally in the same condition as at the beginning of the 
reaction, and that a comparatively small quantity of the catalyzer 
is sufficient for the transformation of large quantities of the reacting 
substances. 

This chapter should not be concluded without mentioning the 
discovery of zymase by Buchner. It had long been argued that only 
certain of the fermentative actions of yeast depended on the presence 
of enzymes which could be separated from the living cells, but that 
the alcoholic fermentation of sugar by yeast was inseparably linked 
together with the life of the cell. Buchner showed that the enzyme 
which accelerates the alcoholic fermentation of sugar can also be 
separated from the living cell, with this purely technical difference 
only, that it requires a much higher pressure to extract zymase 
than any other enzymes from the yeast cell. 


III. Physical Structure of Living Matter 

We have stated that living organisms are chemical machines 
whose framework is formed by colloidal material consisting of 
proteins, fatty compounds, and carbohydrates. These colloids 
possess physical qualities which are believed to play a great role in 
life phenomena. Among these qualities are the slow rate of diffusion, 
the existence of a double layer of electricity at the surface of the 
dissolved or suspended colloidal particles, and the production of 
definite structures when they are precipitated. We may consider it 
as probable that the cytological and histological structures of living 
matter will be reduced to the physical qualities of the colloids. But 
inasmuch as the physics of the colloids is still in its beginning vve 
must not be surprised that the biological application °f 1,s ,c ^ > 
is still in the stage of mere suggestions. The most impoi tant 
which has thus far been accomplished through the apphcation o 
the physics of colloids to biology is Traube’s invention of the sen •- 
permeable membranes. To Traube we owe the discovery that c 
living cell behaves as if it were surrounded with a sur ace him v<:h 
does not possess equal permeability for water and the substances 
dissolved in it. Salts which are dissolved in water, as a rule ., ^> • 
much more slowly into the living cells than water. This d.s^ery 
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of the semi-permeability of the surface films of living protoplasm 
made it possible to recognize the variable which determines the ex¬ 
change of liquids between protoplasm and the liquid medium by 
which it is surrounded, namely, the osmotic pressure. Inasmuch 
as the osmotic pressure is measurable, this field of biology has en¬ 
tered upon a stage where, every hypothesis can be tested exactly, 
and biology is no longer compelled to carry a ballast of shallow 
phrases. We are now able to analyze quantitatively such functions 
as lymph formation and the secretion of glands. 

Recent investigations have thrown some light on the nature of 
the conditions which seem to determine the semi-permeability of 
living matter. Quincke had already mentioned that a film of oil 
acts like a semi-permeable membrane. From certain considerations 
of surface tension and surface energy it follows that every particle 
of protoplasm which is surrounded by a watery liquid must form 
an extremely thin film of oil at its surface. Overton has recently 
shown that of all dissolved substances those which possess a high 
solubility in fat, e. g., alcohol, ether, chloroform, diffuse most easily 
into living cells. Overton concludes that lipoid substances, such as 
lecithin and cholesterin, which are found in every cell, determine the 
phenomenon of the semi-permeability of living matter. 

IV. Development and Heredity 

We now come to the discussion of those phenomena which con¬ 
stitute the specific difference between living machines and the ma¬ 
chines which we have thus far been able to make artificially. Living 
organisms show the phenomena of development. During the last 
century it was ascertained that the development of an animal egg, 
in general, does not occur until a spermatozoon has entered it, but, 
as already stated, we do not know which variable in the egg is changed 
by the spermatozoon. An attempt has been made to fill the gap by 
causing unfertilized eggs to develop with the aid of physicochemical 
means. The decisive variable by which such an artificial partheno¬ 
genesis can be best produced is the osmotic pressure. It has been 
possible to cause the unfertilized eggs of echinoderms, annelids, 
and mollusks to develop into swimming larvie by increasing transi¬ 
torily the osmotic pressure of the surrounding solution. Even in 
vertebrates (the frog and petromyzon), Bataillon has succeeded in 
calling forth the first processes of development in this way. In 
other forms specific chemical influences cause the development, 
e. g. y in the eggs of starfish diluted acids, and, best of all, as De- 
lage has shown, carbon dioxide. In the eggs of Cliatopterus potas¬ 
sium salts produce this result, and in the case of Amphitrite, calcium 
salts. 
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From a sexual cell only a definite organism can arise, whose pro¬ 
perties can be predicted if we know from which organism the sexual 
cell originates. The foundations of the theory of heredity were 
laid by Gregory Mendel in his treatise on the Hybrids of Plants, 
one of the most prominent papers ever published in biology. Mendel 
showed in his experiments that certain simple characteristics, as, 
for example, the round or angular shape of the seeds of peas or the 
color of their endosperm, is already determined in the germ by definite 
determinants. He showed, moreover, that in the case of the hy¬ 
bridization of certain forms one half of the sexual cells of each child 
contains the determinants of the one parent, the other half contains 
the determinants of the other parent. In thus showing that the 
results of hybridization can be predicted numerically, not only for 
one, but for a series of generations, according to the laws of the 
calculus of probability, he gave not a hypothesis, but an exact theory 
of heredity. Mendel's experiments remained unnoticed until Hugo 
de Vries discovered the same facta anew, and at the same time 


became aware of Mendel’s treatise. 

The theory of heredity of Mendel and de Vries is in full harmony 
with the idea of evolution. The modern idea of evolution originated, 
as is well known, with Lamarck, and it is the great merit of Darwin 
to have revived this idea. It is, however, remarkable that none of 
the Darwinian authors seemed to consider it necessary that the 
transformation of species should be the object of direct observation. 
It is generally understood in the natural sciences either that direct 
observation should form the foundation of our conclusions or mathe¬ 
matical laws which are derived from direct observations. This 
rule was evidently considered superHuous by those writing on the 
hypothesis of evolution. Their scientific conscience was quieted by 
the assumption that processes like that of evolution could not be 
directly observed, as they occurred too slowly, and that for this 
reason indirect observations must suffice. I believe that this lack of 
direct observation explains the polemical character of this litera¬ 
ture, for wherever we can base our conclusions upon direct o ner¬ 
vations polemics become superfluous. It was, therefore, a < < < u C( 
progress when de Vries was able to show that the hereditary changes 
of forms, so-called “mutations,” can be directly observed, at least in 
certain groups of organisms, and secondly, that these < langes a 
place in harmony with the idea that for defimte hereditary char¬ 
acteristics definite determinants, possibly in the form of chemical 
compounds, must be present in the sexual cells. It seems to me that 
the work of Mendel and de Vries and their successors marks the 
beginning of a real theory of heredity and evolution. If it is at all 
possible to produce new species artificially, I think that the di»- 
coveries of Mendel and de Vries must be the starting point. 
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It is at present entirely unknown how it happens that in living 
organisms, as a rule, larger quantities of sexual cells begin to form 
at a definite period in their existence. Miescher attempted to solve 
this problem in his researches on the salmon. But it seems that 
Miescher laid too much emphasis upon a mere secondary feature of 
this phenomenon, namely, that the sexual cells in the salmon ap¬ 
parently develop at the expense of the muscular substance of the 
animal. According to our present knowledge of the chemical dynamics 
of the animal body it seems rather immaterial whether the proteins 
and other constituents of the sexual cell come from the body of the 
animal or from the food taken up. The causes which determine the 
formation of large masses of sexual cells in an organism at a certain 
period of its existence are entirely unknown. 

A little more progress has been made in regard to another prob¬ 
lem which belongs to this group of phenomena, namely, how it hap¬ 
pens that in many species one individual forms sperm, the other 
eggs. It has been known for more than a century that it is possible 
to produce at desire either females exclusively, or both sexes, in 
plant lice. In bees and related forms, as a rule at least, only males 
originate from the unfertilized eggs; from the fertilized eggs only 
females. It is, moreover, known that in higher vertebrates those 
twins which originate from one egg have the same sex, while the sex 
of twins originating from different eggs may be different. All facts 
which are thus far known in regard to the determination of sex 
seem to indicate that the sex of the embryo is already determined 
in the unfertilized egg, or at least immediately after fertilization. 
I consider it possible that in regard to the determination of sex, 
just as in the case of artificial parthenogenesis, a general variable 
will be found by which we can determine whether an egg cell will 
assume male or female character. 

V. Instinct and Consciousness 

The difference between our artificial machines and the living organ¬ 
isms appears, perhaps, most striking when we compare the many au¬ 
tomatic devices by which the preservation of individuals and species 
is guaranteed. Where separate sexes exist we find automatic arrange¬ 
ments by which the sexual cells of the two sexes are brought together. 
Wherever the development of the eggs and larva; occurs outside of the 
body of the mother or the nest we often find automatic mechanisms 
whereby the eggs are deposited in such places as contain food on 
which the young larva can exist and grow. We have to raise the ques¬ 
tion how far has the analysis of these automatic mechanisms been 
pushed. Metaphysics has supplied us with the terms “ instinct ” and 
• will ” for these phenomena. We speak of instinct wherever an animal 
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performs, without foresight of the ends, those acts by which the 
preservation of the individual or the species is secured. The term 
“ will” is reserved for those cases where these processes form constitu¬ 
ents of consciousness. The words “ instinct ” and “ will ” do, however, 
not give us the variables by which we can analyze or control the 
mechanism of these actions. Scientific analysis has shown that the 
motions of animals which are directed towards a definite aim depend 
upon a mechanism which is essentially a function of the symmetrical 
structure and the symmetrical distribution of irritability. Symmetri¬ 
cal points of the surface of an animal, as a rule, have the same irrita¬ 
bility, which means that, when stimulated equally, they produce the 
same quantity of motion. The points at the oral pole as a rule pos¬ 
sess a qualitatively different or greater irritability than those at the 
aboral pole. If rays of light or current curves, or lines of diffusion or 
gravitation, start from one point and strike an organism, which is 
sensitive for the form of energy involved, on one side only, the tension 
of the symmetrical muscles or contractile elements does not remain the 
same on both sides of the body, and a tendency for rotation will result. 
This will continue until the symmetrical points of the animal are 
struck equally. As soon as this occurs there is no more reason why the 
animal should deviate to the right or left from the direction of its 
plane or axis of symmetry. These phenomena of automatic orienta¬ 
tion of animals in a field of energy have been designated as tropisms. 
It has been possible to dissolve a series of mysterious instincts into 
cases of simple tropisms. The investigation of the various cases of 
tropism has shown their great variety, and there can be no doubt that 
further researches will increase the variety of tropisms and tropism- 
like phenomena. I am inclined to believe that we possess in the 
tropisms and tropism-like mechanisms the independent variable ol 
such functions as the instinctive selection of food and similar regu¬ 


latory phenomena. . .... 

As far as the mechanism of consciousness is concerned, no scientific 

fact has thus far been found that promises an unraveling of tins me- 
chanism in the near future. It may be said, however, that at least to 
nature of the biological problem here involved can be stated, torn . 
scientific point of view we may say that what «e call cons, ".usness 
is the function of a definite machine which we will call the >"achi 
of associative memory. Whatever the nature of t his machine m living 
beings may be, it has an essential feature in common with the phono¬ 
graph, namely, that it is capable of reproducing impressions in the 

same chronological order in which they come to us. Even simu tane- 

ou 8 impressions of a different physical character, such as, for instance 
optical and acoustical, easily fuse in memory and form an .nseparable 
complex. The mechanism upon which associative memory depend 
seems to be located, in higher vertebrates at least, in the cerebral 
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hemispheres, as the experiments of Goltz have shown. The same 
author has shown, moreover, that one of the two hemispheres suffices 
for the efficiency of this mechanism and for the full action of con¬ 
sciousness. As far, however, as the physical or chemical character of 
the mechanism of memory is concerned, we possess only a few starting 
points. We know that the nerve cells are especially rich in fatty con¬ 
stituents, and Hans Meyer and Overton have shown that substances 
which are easily soluble in fat also act as very powerful anesthetics, 
for instance, chloroform, ether, and alcohol, and so on. It may be 
possible that the mechanism of associative memory depends in some 
way upon the constitution or action of the fatty compounds in our 
nerve cells. Another fact which may prove of importance is the obser¬ 
vation made by Speck that if the partial pressure of oxygen in the air 
falls below one third of its normal value, mental activity very soon be¬ 
comes impaired and consciousness is lost. Undoubtedly the unravel¬ 
ing of the mechanism of associated memory is one of the greatest dis¬ 
coveries which biology has still in store. 


VI. Elementary Physiological Processes 

It is, perhaps, possible that an advance in the analysis of the me¬ 
chanism of memory will be made when we shall know more about 
the processes that occur in nerve cells in general. The most elemen¬ 
tary mechanisms of self-preservation in higher animals are the respira¬ 
tory motions and the action of the heart. The impulse for the respira¬ 
tory action starts from the nerve cells. As far as the impulses for the 
activity of the heart are concerned, we can say that in one form at 
least they start from nerve cells, and in all cases from those regions 
where nerve cells are situated. But as far as the nature of these im¬ 
pulses is concerned we know as little about the cause of the rhythmi¬ 
cal phenomena of respiration and heart-beat as we know concerning 
the mechanism of associative memory. It is rather surprising, but 
nevertheless a fact, that physiology has not progressed beyond the 
stage of mere suggestions and hypotheses in the analysis of such 
elementary phenomena as nerve action, muscular contractility, and 
cell division. Among the suggestions concerning the nature of con¬ 
tractility those seem most promising which take into consideration 
the phenomena of surface tension. The same lack of definite know¬ 
ledge is found in regard to the changes in the sense organs which give 
rise to sensations. It is obvious that the most striking gaps in bio¬ 
logy are found in that field of biology which has been cultivated 
by t! ' e physiologists. The reason for this is, in part, that the analvsis 
of the elementary protoplasmic processes is especially difficult, but 
I believe that there are other reasons. Medical physiologists have 
confined themselves to the study of a few organisms, and this has 



RECENT DEVELOPMENT OF BIOLOGY 21 

had the effect that for the last fifty years the same work has been 
repeated with slight modifications over and over again. 


VII. Technical Biology 

I think the creation of technical biology must be considered the 
most significant turn biology has taken during the last century. 
This turn is connected with a number of names, among which Liebig 
and Pasteur are the most prominent. Agriculture may be con¬ 
sidered as an industry for the transformation of radiating into chem¬ 
ical energy. It was known for a long time that the green plants were 
able to build up, with the help of the light, the carbohydrates from 
the carbon dioxide of the air. Liebig showed that for the growth of 
the plant definite salts are necessary, that these salts are withdrawn 
from the soil by the plants, and that in order to produce crops these 
salts must be given back to the soil. One important point had not 
been cleared up by the work of Liebig, namely, the source of nitrates 
in the soil which the plants need for the manufacture of their pro¬ 
teins. This gap was filled by Hellriegel, who found that the tubercles 
of the lcguminos®, or rather the bacteria contained in these tubercles, 
are capable of transforming the inert nitrogen of the air into a form in 
which the plant can utilize it for the synthesis of its proteins W ino- 
gradski subsequently discovered that not only the tubercle bacteria 
of leguminous are capable of fixing the nitrogen of the air in he 
soil in a form in which it can be utilized by the plant, but that the 
same can be done by certain other bacteria, for instance, C lostri¬ 
dium pasleunanum. These facts have a bearing which goes beyond 
the interests of agriculture. The question of obtaining nitrates from 
the nitrogen of the air is of importance also for chemical industry, 
and it is not impossible that chemists may one day utilize the ex¬ 
perience obtained in nitrifying bacteria. 

With the discovery of the culture of nitrifying bacteria we hau 
already entered the field of Pasteur's work. Yeast had been uscd for 
the purposes of fermentation before Pasteur, but Pasteur freed this 
field of biology just as much from the influence of chance as l>b.g 
did in the case of agriculture. The chemist Pasteur taught b.ologtsts 
how to discriminate between the useful and harmful forms of yeast 
and bacteria, and thus rendered it possible to put the mdustry of 

fermentation upon a safe basis. . . 

In recent times the fact has often been mentioned that coal 
fields will be exhausted sooner or later. If this is true, every source 
of available energy which is neglected to-day may one day become 
of importance. Professor Hensen has recognized the importance of 
the surface of the ocean for the production of crops. The sur ace 
of the ocean is inhabited by endless masses of microscopic organisms 
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which contain chlorophyl, and which are capable of transforming 
the radiating energy of the sun into chemical energy. 

Not only through the industry of fermentation and agriculture 
has technical biology asserted its place side by side with physical 
and chemical technology, but also in the conquest of new regions 
for civilization. As long as tropical countries are continually threat¬ 
ened by epidemics, no steady industrial development is possible. 
Biology has begun to remove this danger. It is due to Koch if epi¬ 
demics of cholera can be suppressed to-day, and to Yersin if the 
spreading of plague can now be prevented. Theobald Smith dis¬ 
covered that the organisms of Texas fever are carried by a certain 
insect, and this discovery has had the effect of reducing, and possibly 
in the near future destroying, two. dreaded diseases, namely, malaria 
and yellow fever. 

It is natural that the rapid development of technical biology has 
reacted beneficially upon the development of theoretical biology. 
Just as physics and chemistry are receiving steadily new impulses 
from technology, the same is true for biology. The working out of the 
problems of immunity has created new fields for theoretical biology. 
Ehrlich has shown that in the case of immunity toxins are rendered 
harmless by their being bound by certain bodies, the so-called 
antitoxins. The investigation of the nature and the origin of toxins 
in the case of acquired immunity is a new problem which technical 
biology has given to theoretical biology. The same may be said in 
regard to the experiments of Pfeifer and Bordet on bacteriolysis 
and hemolysis. Bordet’s work has led to the development of methods 
which have been utilized for the determination of the blood relation¬ 
ship of animals. 

VIII. Ethical and Economic Effects of Modern Biology 

The representatives of the mental sciences often reproach the 
natural sciences that the latter only develop the material, but not 
the mental or moral interests of humanity. It seems to me, however, 
that this statement is wrong. The struggle against superstition 
is entirely carried on by the natural sciences, and especially by the 
applied sciences. The nature of superstition consists in a gross mis¬ 
understanding of the causes of natural phenomena. I have not 
gained the impression that the mental sciences have been able to 
reduce the amount of superstition. Lourdes and Mecca are in no 
danger from the side of the representatives of the mental sciences, 
but only from the side of scientific medicine. Superstition disappears 
so slowly for the reason that the masses as a rule are not taught 
any sciences. If the day comes when the chief laws of physics 
chemistry, and experimental biology are generally and adequately 
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taught, we may hope to see superstition and all its consequences 
disappear, but not before this. 

As far as the influence of the applied sciences on ethics is con¬ 
cerned, I think we may hope that through the natural sciences the 
ethics of our political and economical life will be altered. In our 
political as well as our economical life we are still under the influ¬ 
ence of the ancients, especially the Romans, who knew only one 
means of acquiring wealth, namely, by dispossessing others of it. 
The natural sciences have shown that there is another and more 
effective way of acquiring wealth, namely, by creating it. The 
way of doing this consists in the invention of means by which the 
store of energy present in nature can be more fully utilized. The 
wealth of modern nations, of Germany and France, is not due to 
their statesmen or to their wars, but to the accomplishments of the 
scientists. It has been calculated that the inventions of Pasteur 
alone added a billion francs a year to the wealth of France. In the 
light of such facts it seems preposterous that statesmen should con¬ 
tinue to instigate war simply for the conquest of territories. Through 
modern science the wealth of a nation can be increased much more 
quickly than through any territorial conquest. We cannot expect 
any change in the political and economical ethics of nations until 
it is recognized that the lawmakers and statesmen must have a 
scientific training. If our lawmakers possessed such a training, they 
would certainly not have allowed one general source of energy 
after another, such as oil-fields, coal-fields, water-power, etc., to be 
appropriated by individuals. All these stores of energy belong just 
as well to the community as the oxygen of the air or the radiating 
energy of the sun. Our present economical and political ethics is 
still on the whole that of the classical period or the Renaissance, 
because the knowledge of science among the masses and statesmen 
is still on that level, but the natural sciences will ultimately bring 
about as thorough a revolution in ethics as they have brought 
about in our material life. 

IX. Experimental Biology as an Independent Science 

If we compare the development of biology with the simultaneous 
development of physics and chemistry during the last twenty years, 
we must be impressed by the fact that during that time the great dis¬ 
coveries in physics and chemistry have followed each other surpiis- 
ingly fast. The discovery of the law of osmotic pressure, the theory 
of electrical dissociation, the theory of galvanic batteries, the sys¬ 
tematic formulation of physical chemistry, the discovery of electrica 
waves, the discovery of the X-rays, the discovery of the new elements 
in the air, the discovery of radioactivity, the transformation of ra- 
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dium into helium, the theory of radiation pressure, - what have we 
in biology that could be compared with such a senes of discoveries? 
But I believe that biology has important discoveries in store, and that 
there is no intrinsic reason why it should be less fertile than physics 
and chemistry. I think the difference in the fertility of biolop and 
the physical sciences is at least partly due to the present organization 
of the biological sciences. 

General or experimental biology should be represented in our 
universities by special chairs and laboratories. It should be the task 
of this science to analyze and control those phenomena which are 
specifically characteristic of living organisms, namely, development, 
self-preservation, and reproduction. The methods of general biology 
must be those of chemistry, and especially those of physical chemistry. 
To-day general or experimental biology is represented in our univer¬ 
sities neither by chairs nor by laboratories. We have laboratories 
for physiology, but to show how little interest physiologists take m 
general biology I may mention the fact that the editor of a physio¬ 
logical annual review excludes papers on development and fertili¬ 
zation from his report, as, in his opinion, this belongs to anatomy. 
On the other hand, anatomists and zoologists must give their full 
energy to their morphological investigations, and have, as a rule, 
neither the time for experimental work, nor very often the training 
necessary for that kind of work. Only the botanists have kept up 
their interest in general biology, but they of course pay no attention 
to animal biology. In working out this short review of the develop¬ 
ment of biology during the last century, I have been impressed with 
the necessity of our making better provisions for that side of biology 
where, in ray opinion, the chances for the great discoveries seem to 
lie, namely, general or experimental biology. 
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The Chairman of the Section of Phylogeny was Professor Thomas 
Hunt Morgan, of Columbia University, who began the proceedings 
of the Department with the following remarks: 

“This Section of the Congress might have been given the title of 
evolution rather than of phylogeny; for, while phylogeny deals with 
an historical process, the term evolution has come to-day — largely 
through the work of De Vries — to include not only a study of the 
evolution of the past, but of evolution as it is taking place around us 
at the present time. This is not a formal distinction, but one that 
stands for a fundamental difference of method that has the most far- 
reaching consequences. The study of evolution as an historical ques¬ 
tion must have always been unsatisfactory, for all the doubts that 
darken the historical method would have left its conclusions dubious 
and unconvincing. Historical evolution could never have attained to 
the dignity of an exact science. The disrepute into which phylogene¬ 
tic speculation has fallen in our own times furnishes an example of 
what we may expect from the method. . 

“ When, on the other hand, the process of evolution was studied by 
the method of experiment, a new era opened. Darwin himself used 
extensively the experimental method, and his finest results have been 
reached in this wav. Much of the general information of the breeders 
on which he relied, alas too often, are also the outcome of experiment, 
but of experiments by men incapable, in many cases, of employing 

the method with scientific precision. 

« After Darwin, little was done in this direction, although a few 
names stand out as oases in a waste of speculation. Now once again, 
as Bateson has remarked, ‘After a weary halt of forty yew> »• have 
at last begun to march.' It is a pleasure as well as a great oppor¬ 
tunity that we are to listen to-day to the addresses of two b,oi 0 g Ists 
who before all others have undertaken the study of evolution on 
a large scale by means of the experimental method. Professor 
De Vries has studied in Europe the evolutionary process m the 
American plant CEnothera Lamarckiana; while Professor Whitman 
has studied in America the evolution of the European pigeons. 
Political boundaries disappear before the advances of the sciences. 
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Natural selection, as pointed out by Darwin, is one of the great 
principles which rule the evolution of organisms. It is the sifting out 
of all those of minor worth, through the struggle for life. It is only 
a sieve, and no force of nature, no direct cause of improvement, as 
has so often been asserted. Its only function is to decide what is to 
live and what is to die. Evolutionary lines, however, are of long 
extent, and everywhere many side-paths are occurring. It is the 
sieve that keeps evolution on the main lines, killing all or nearly all 
that try to go in other directions. By this means natural selection is 
the one great cause of the broad lines of evolution. 

With the single steps of that evolution, of course, it has nothing 
to do. Only after the step has been taken, the sieve decides, throw¬ 
ing out the bad, and thereby enabling the good to produce a richer 
progeny. The problem how the individual steps are brought about, 
is quite another side of the question. 

On this point Darwin has recognized two possibilities. One means 
of change lies in the sudden and spontaneous production of new 
forms from the old stock. The other method is the gradual accumu¬ 
lation of the always present and ever-fluctuating variations. The 
first changes are what we now call mutations, the second arc desig¬ 
nated individual variations, or, since this term is often used in 
another sense, as fluctuations. Darwin recognized both lines of 
evolution, but his followers have propounded the exclusive part of 
the latter processes. 

To my conviction the current scientific belief is wrong on this 
point. Horticultural experience and systematic inquiry seem to 
point in exactly the opposite direction. The evidence collected of late 
>y Korshinsky from horticultural practice, may be regarded as inade¬ 
quate tor :• full proof, most of the single cases being surrounded by 
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doubt, and resting on incomplete observations. The main conclu¬ 
sions, however, seem to be quite clear, since they are always the same. 
Sudden sports cannot be denied to be the chief, and probably the sole, 

. method of the origination of new horticultural forms. 

There is, however, another, more weighty objection. The facts 
collected by Korshinsky pertain to varieties, and not to true species. 
Most of the varieties, and especially of the horticultural varieties, owe 
their origin to retrograde changes, to the apparent loss of some previ¬ 
ously acquired character. Besides these, no doubt, there are other 
types, but these may be considered as of a degressive nature. Ancient 
characters, once lost, may reappear, and produce the impression of 
something quite new, whilst in reality they arc only the reviving 
of some old latent quality. From a critical point of view the facts 
collected by Korshinsky may prove the sudden origin of new varieties 
by the loss of characters or by the revival of apparently lost ones; 
but they do not afford any cases of really progressive steps. 

Systematic evidence has to guide us on this most important point. 
The subdivisions of the species afford the material for a closer study 
of progressive evolution. In some cases they comply with the type of 
horticultural variability, one form constituting a primary type, from 
which the remaining have obviously been derived Such derivations 
are usually of a retrograde nature, consisting in the loss of color, of 
hairs, of spines, of wax on the surface, or of other distinct marks. 
Sometimes, however, they arc degressive, indicating the reuppenr- 
ance of some latent peculiarity, and thereby seeming to repeat the 

characters displayed by some allied but distinct species. 

In most of the cases, however, the relation between the lesser units, 
constituting a systematic species, is of another nature. They are 
all of equal importance. From one another they are d.stmgmshed by 
more than one mark, often by slight differences ,n nearly a .< 
organs and qualities. Such forms have come to be desigm .cd ^ 
elementary species. Varieties they are only m the broad and 

significance of the word. . 

In some cases these different forms of the same ^ 
species are found in distant localities. The represents, n - n he same 
type from different countries or regions do not ^ac ly grcc when 
compared with one another. Many spec.es of orns affo. instances 
of this rule, and Lindley and other great .valematas, ha m a often 
been puzzled by the wide degree of difference between the men b . 

"r.S'nSL .h< » •*»- - rr ~ r.?. 

each other, sometimes in neighboring pro\i nee . thrce 

same locality, growing and flowering m e J bi t some ^ 

or even more, elementary species. Th • f } )C 

spread ancient types from which the numerous local specie, may 
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assumed to have arisen. The whitlow-grasses, or Draba verna, have 
no probable common ancestors amongst the now living forms, 
but they are crowded together in numerous types in the southern 
part of central Europe and more thinly spread all around, even as 
far as western Asia. There can be little doubt that their common 
origin is to be sought in the centre of their dominion and dispersion. 

Numerous other instances could be given, proving the occurrence 
of smaller types within the systematic species. These subspecies 
are of equal importance, and obviously not derived from one another 
in a retrograde or a digressive way. They must be considered as 
having sprung from a common ancestor by progressive steps in di¬ 
verging directions. Granting this conclusion, they constitute the 
real prototypes of progressive evolution, the actual steps by which 
progression is slowly going on. 

Manifestly, this experience with wild plants must hold good for 
cultivated species, too. Once these must have been wild, and in this 
state they must have complied with the general rule. Hence we may 
conclude that, when first remarked and appreciated by man, they 
must already have existed of sundry elementary subspecies. And 
we may confidently assert that some must have been rich, and others 
poor, in such types. 

This assumption at once explains the high degree of variability of 
so many cultivated species. This quality is not a result of cultivation, 
but, quite on the contrary, is to be considered as originally present, 
and one of the decisive causes, which have brought a species up to a 
high rank in cultivation. Apples afford an instance; they are notori¬ 
ous for their wide variability, but this term here only means poly- 
morphy, indicating the existence of a large number of varieties. 
These are found in the wild state all over Europe, differentiated by 
various flavors and odors, but lacking the fleshiness which must be 
added to each of the differentiating marks by an appropriate culture 
and selection. 


Alphonse de Candolle, who has made a profound study of the origin 
of cultivated plants, comes to the conclusion that the apple shrub 
must have had this wide dispersion already in prehistoric times, 
and that its cultivation must have commenced in ancient times 
nearly everywhere. From this most important statement of so high 
an authority we may conclude that the apples have not been taken 
into cultivation by man in one single type, but probably in numerous 
distinct elementary forms, transmitting thereby the wild variability 
in a most simple and direct way to their cultivated descendants. 

It would take me too long to describe other examples. It is easily 
seen that it is at least as probable that the notorious high variabil¬ 
ity of so many of the most important cultivated plants is older than 
their culture, as that it is to be regarded as caused by this culture. 
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Directing now our attention to the selection of cultivated plants, 
it is manifest that this process has to start from distinct forms. 
Obviously the choice of the starting-point is as important as the 
improvement itself. Or rather, the results depend in a far higher 
degree on the adequate choice of the first representatives of the 
new race than on the methodical and careful treatment of its off¬ 
spring. Unchangeable qualities determine the value of the new 
strain, if they were present in the chosen individual; if not, no 
selection can produce them. 

This assertion, however, has not always been appreciated as it 
deserves, nor is it at present universally acknowledged as a first 
principle. The method of selecting plants was discovered by Louis de 
Vilmorin, about the middle of the last century. Before him selec¬ 
tion was applied to domestic animals, and even on a large scale. 
Vilmorin applied it to his beets, in order to increase the amount of 
sugar in their roots. Evidently, he must have made some choice 
amongst the numerous sorts of beets of his time, or otherwise chance 
must have thrown into his hands exactly one of the most appro¬ 
priate forms. But on this point, no historical evidence is at hand. 

Since the time of Vilmorin, selection of agricultural plants has 
enormously gained in importance. Only of late, however, Rimpauand 
von Ruemker in Germany, and Willet M. Hays in this country, have 
begun to apply critical methods to the various parts of the process, 
in order to get a better insight. All of them have insisted upon the 
necessity of distinguishing between the first choice for a race and the 
subsequent improvement by continued selection. The choice of 
the most adequate varieties has to become the principle for the 
foundation of all experiments in improving races. 

Hays clearly states the far-reaching importance of this practical 
rule by asserting that half the battle is won by choosing the variety 
which has to serve as a foundation stock, whilst the other half de¬ 
pends upon the selection of mother plants within the chosen variety. 
The choice of the variety is the first care of the breeder in each sing c 
case, whilst the so-called artificial selection takes only the second 
place. Half a century ago the famous Scotch breeder I at rick Miine 
taught that it is quite useless to search for starting-plants for im¬ 
proved races among varieties of minor value. Onl> t ic \cry 
cultivated types yield the material for further successful improve¬ 


ment. 


In practice, as in systematic science, it is usual to call all minor 
units within the acknowledged species by the same name o veri ¬ 
ties, without regard to their real systematic relations. Complying 
with this custom, the principle of the choice of starting-points 
called by Hays “variety-testing.” This testing and comparing ot 

varieties is one of the prominent lines of the work of the Agncu 
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tural Experiment Stations. Each state and each region, in some 
instances even each larger farm, wants its own variety of corn, or 
wheat, or other crops. These have to be sought out from amongst 
the hundreds of forms generally cultivated within each single 
botanical species. Once found, the type may be ameliorated ac¬ 
cording to the local conditions and wants, but this is a question of 
subsequent and subordinate improvement. 

Summing up the main points of these arguments, we may state 
that artificial selection consists of two main principles, called variety¬ 
testing and racial improvement. Quite the same distinction has to 
be made in the case of natural selection, and the same double selec¬ 
tion has to be acknowledged, whilst only the names have to be 
changed. Instead of variety-testing comes the choice between ele¬ 
mentary species, instead of racial improvement the adaptation to the 
local conditions of the environment. Before going into a more de¬ 
tailed discussion of this first principle of comparison, it may be as 
well to consider that intermediate step between natural and artificial 
selection, which is called acclimatization. 

Here the aim is given by man, but the selection is left to nature. 
Man, however, does not only point out the object, but has also to 
give the starting-points. The choice of the variety is directly per¬ 
formed by the climate. This is manifestly shown by the slow and 
gradual dispersion of corn in this country. The larger types are 
limited to tropical and subtropical regions, whilst the varieties 
capable of cultivation in the northern states are so, according to 
their smaller size and stature. They are short-lived, requiring a 
lesser number of days to reach their full development from seed to 
seed. These qualities are not the result of the cultivation or of the 
influence of the climate, since the smaller sorts are historically 
known to have grown in tropical America at the time of Columbus 
along with the taller types. This is especially on record in the case 
of the forty-days or quarantine maize. Cultivation has worked in 
this case as a sieve, or rather as a series of sieves with a diminishing 
width of meshes, the climate allowing only the shorter-lived forms 
to pass the meshes and to expand towards the north. Similar 
facts are known for wheat and many other crops, and the famous 
trials of Schuebeler in Norway have thrown a clear light upon 
the factors of this complicated process. 

Artificial selection is a fact needing scientific and critical analysis, 
but natural selection is a fact which we may see at work in each 
field and in each meadow, but concerning which our real know¬ 
ledge is still very incomplete. In the realm of natural selection, it has, 
however, become customary to indulge in hypothetical considera¬ 
tions. And since these have largely been applied to the side cor¬ 
responding with the artificial improvement of races, I may perhaps 
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be allowed to apply them here to that process, too, which corre¬ 
sponds to the variety-testing of the breeders. 

As the easiest and most notorious examples we choose the whitlow- 
grasses, or Draba verna, and the wild pansies, or Viola tricolor. Na¬ 
ture has constituted them as groups of highly different constant 
forms, quite in the same way as wheat and corn. Assuming that 
this has happened long ago somewhere in central Europe, it is, of 
course, probable that the same differences in respect to the influence 
of climatic conditions will have prevailed as with grains. Subsequent 
to the period which has produced the numerous elementary species 
of the whitlow-grass, came a period of geographical dispersion. This 
process must have been wholly comparable with that of acclimatiza¬ 
tion. Some forms must have been more suited to northern climates, 
others to the soils of western or eastern regions, and so on. These 
qualities must have decided the broad lines of the dispersion, and 
the species must have been segregated according to their respect¬ 
ive climatic peculiarities and their claims on soil and weather. A 
struggle for life and a natural selection must have accompanied and 
guided the dispersion, but there is no reason to assume that the sun¬ 
dry forms should have been changed by this process, and that we 
see them now endowed with other qualities than were theirs at the 


outset. , . . 

If this sketch strikes you favorably, natural selection must have 

played the same part in a large number of other cases, too. Indeed, 
it may be surmised that this has been its chief and prominent func¬ 
tion. Taking up again our image of the sieve, we may assert that in 
such cases climate and soil are the sifting agents, and in tins « 
the meaning of the image at once becomes a more definitei one. Of 
course, next to climate and soil come the biologic* conditions the 
vegetable and animal enemies of the plants, and other influences 

‘^Thu™ 6 every where in nature there must be a stnge « in 
which closely related elementary species are competing \wth one 

Nature in this way performs her primary selection, and hence th s 
process can be called selection between elementary species, or ,nter- 

*3 ?Principle could then be « 

the elementary species, or the intraspec.fic selection, t has no 

more closely to be considered. First ; 

whether it plays a prominent or only a subordinate partt in na me. 
This question may be reduced to another form, m which t is more 

accessible to direct investigation. Species, as "e limits 

are in the main constant forms, fluctuating within d.s net limit-, 
which are not seen to be transgressed. Now the question 
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whether by artificial intraspecific selection it is possible to trans¬ 
gress those limits. If this were possible, we could pass from one 
species into another, and, by slow and gradual changes, convert 
a constant type into another equally constant form. 

This question of the constancy is the chief side of the problem. 
One point is the production of a new character, the other the loss of 
the old one, which is assumed to have been changed into the new. 
Such losses, however, are exceedingly difficult to obtain. One of the 
most instructive examples is that of the lifetime of the sugar-beets. 
These races consist of biennial plants, and the whole process of their 
culture relies upon the heaping-up of sugar in the roots of the first 
year, leaving the production of the stems to the second summer. 
Now, this quality is far from being complete. Each year some annuals 
are seen in the fields. And not as rare exceptions, as accidental 
cases of atavism. Quite on the contrary, one per cent, or even more, 
is the rule, and often they go up to ten or more per cent. Selection, 
of course, is on this point always as absolute as may be; it has lasted 
half a century for the sugar-beets, and many centuries for the forage- 
crops. It has not been adequate to root the annuals out, and to 
render the biennial character pure. 

So it is also with striped flowers and striped radishes, which 
yearly produce some unicolored samples, notwithstanding continu¬ 
ous and most severe selection. So it is ever in numerous other 
cases; everywhere the intraspecific selection is capable of pro¬ 
ducing ameliorated races, but incapable of making them as constant 
as wild species use to be. 

Steady and regular advance of cultivated races no doubt occurs, 
although it is not at all so general as is often assumed. But when¬ 
ever it occurs, the advance is due to a corresponding continuous 
improvement of the selecting methods, and not simply to repeated 
selection after the same method. 

The truth of this assertion is most clearly seen in the case of the 
beets. They are usually adduced as the best proofs of what can be 
obtained by continuous selection. But the methods of judging the 
beets are steadily being improved, and they have been so, even 
since the time of Vilmorin. 

Vilmorin's own method was a very simple one. Polarization had 
then not yet been discovered. He determined the specific weight of 
h.s beets, either by weighing them as a whole, or by using a piece 
cut from the base of the roots and deprived of its bark. Solutions 
of salts were made in which the beets swam, and diluted until they 
began to sink. In this way the heaviest beets could be selected 
an< l,t was assumed that they were the richest in sugar, too. This 
method has afterwards been improved in two ways. The first was 
to make large quantities of the salt-solution, choosing a medium 
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specific weight, and selecting from among thousands of beets those 
which sank. The second was the determination of the spec.fic we.ght 
of the sap expressed from the tissues. It prepared the way for the 
polarization. This principle was introduced about the year 1874 
in Germany. It allowed the amount of sugar to be measured directly 
and with very slight trouble. Thousands of beets could yearly be 
tested, and the best chosen for the production of seed The technical 
side of these determinations has since been stead.ly and rapidly 
improved. In some factories the exact determinat.on of three hun¬ 
dred thousand polarization-values is effected within a few weeks. 

It would take me too long to go into further deta.ls, or to describe 
the simultaneous changes that have been applied to the culture of 
the elite. The detailed features suffice to show that the chief care 
of the breeder in this case is a continuous amelioration of the 
method of selecting. To these ^t tec^cal improvement 3 it is 
manifest that the progress of the race is in the mam due, and 
not solely to the repetition of the selection. . 

Similar facts may be seen on all the great lines of industrial selec¬ 
tion. And whenever the method has reached its height. the race is 
soon surpassed by another, started from another varietal choice, or 

selected according to a better principle. | t0 

Applying this experience to the processes which are MWiMdto 
occur in nature, we may obviously assert that only in cases of a con¬ 
tinuous change of the ^conditions in one and the same direc.m 
any real improvement of races may be expected. All othe ca es 
only be capable of yielding local races, and such, no doubt, are ve y 
numerous. Selection keeps up the qualities some degrees abo e the 
standard of the species, and it must do so for one strain m one 
sense and for others in diverging directions. 

ever will always remain dependent upon their specific l.fe-condi on 
and kever become constant in this sense of the word that ‘ 
qualities should become independent specific marks. • 
environmental changes do not seem to be adequate to produce 

tSirrt Simply contrasty — and the 
fluctuations. I have tried to show that both o them ar sub e ted 
to selection, as well artificial as natural. In nature and ,nt*> 8 

run in practice too, the selection of the P r0 ‘ uc * fluctuating vari- 
by far the largest part. Selection of the products of fiuctuat ng 

ability gives rise to inconstant, and therefore on \ produces 

In practice the process is called improvement in natme -t P^duces 
the local adaptations and local race, ft is 

permanent and independent results, tn . .. 

always dependent on the permaneney of the 
process itself. Thus interspecific selection is ie r 
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eress at large, as well in practice as in nature, whilst intraspecific 
selection is the base of highly valuable but local and transient im¬ 
provement. . 

This principal difference between mutative and fluctuative selec¬ 
tion can be supported by a critical examination of the processes of 
fluctuation themselves. Fluctuations are the responses of the indi¬ 
vidual plants to the outward influences to which they are subjected. 
Of old, all these factors were thrown together under the name of 
nourishment, and already a century ago, Knight has pointed out how 
largely the variability depends on this factor. Since then, the term 
nourishment has been replaced by that of life-conditions, which is, 
of course, more appropriate on closer analysis. 

Light and space, soil and water, temperature, and numerous minor 
factors, determine the growth of the plant and of all its parts. Quite 
obviously the development must depend upon them, and at least a 
large part of the observed fluctuating variability finds its cause and 
its explanation in these influences. It is readily granted that in 
observations of plants and animals, taken from their native localities, 
these influences are liable to escape the observer. In the experiment 
garden, however, exactly the same fluctuations occur, and statistical 
studies find a material, which is in no way inferior to that which is 
afforded by nature. Here the climatic conditions are daily seen at 
work. The differences in soil and manure, in space and exposure, are 
in large part dependent on the conscious will of the experimenter. 
Partly, of course, they escape his direction, but even then they are 
followed and controlled with utmost care, not to say with great 
anxiety. In the same bed one individual is affected by them in this 
way, and another in a diverging direction, but these relations, though 
often unavoidable, are commonly obvious, at least in their main 
features. Thence it comes that the experimenter is strongly impressed 
by the dependency of fluctuations on outer conditions, whilst the 
observer takes the variability as a fact- of dubious and hypothetical 
explanation. 

In our gardens we observe our plants during the whole period of 
their development. At each moment they undergo the influences of 
the prevailing conditions. But it is evident that each part of the plant 
must respond to them in its own way. One branch may be exposed 
to the sun, whilst others are more or less shaded. The first will 
enjoy all the effects of full light and vigorous assimilation, whilst the 
latter have only a scant supply of organic food. On richer branches 
the flowers will be more numerous and larger, and their variable 
parts produced in greater abundance. On the poor sides reduction 
must be the rule. 

It seems quite superfluous to work out this discussion anv further. 

leads directly to the conclusion that fluctuating variability is, at 
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least in large part, a process in which the various organs of a plant 
act more or less independently. This form of variability is there¬ 
fore to be distinguished by the term of “ partial fluctuation.” 

Opposed to it stands the individual variation, which affects the 
whole individual in the same manner, but which influences different 
individuals in different degrees and ways. If this individual fluctua¬ 
tion is a response to outer influences too, the question arises, when 
do they work, and at which period of its development does the 
organism respond to them. 

Here for our discussion plants afford great advantages over ani¬ 
mals. For it is clear that, as soon as buds are produced, partial fluctu- 
ation must prevail and individual variation become reduced There¬ 
fore only the embryonic stage pertains to the latter whilst the 
whole subsequent life is ruled by partial responses. The embryo 
itself leads its life within the seed, and thus we are lhduced to 
consider the period of the ripening of the seed as one o P~ent 
significance for the whole group of phenomena collected under the 

name of fluctuations. . .. 

The life of the germ commences with the copulation of the male 
and female sexual cells. Obviously even these must vary, since they 
have been previously subjected to varying conditions The individual 
characters of a given organism must, therefore largely depend upon 
the degree of development of latent qualities, already present w the 
sexual cells before their copulation. And it is equally manifest that 
at that important moment there is as yet no room for partial fluctua- 

tl0 As soon, however, as tissues are developed, the chances for the 
latter arise and rapidly increase, whilst in the same ^rec he p t 
of the individual variability must decrease. Leaving aside the bu 
in the axils of the cotyles, and equally discarding the priory root, 
we may limit our interest to the terminal vegetative cone of the 
young plant, and consider all variations therein provoked as of 

m< Bu't'a^soon'afTthis cone begins to differentiate itself, 
comes to an end, at least in respect to the responses to u> mg 
agents, and partiality takes its place. In the same meagre ‘he 
embryonic life is replaced by that of the developing P'^' Tlimje 
might call the individual fluctuation by the name ot h 
fluctuation, if it is only rightly understood that the var.aLons of the 

paternal and maternal cells before their copulation an to be• “eluded. 

In horticultural practice individual ^d part'al fluctuation play 
a very large part. Excluding the embryonic stage from the price, 
of multiplication, the embryonic variability may be excluded too 
Hence the almost universal use of vegetative multiplication n a 1 
cases where it is practically applicable. Perennial plants and shrubs 
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and numerous fruit trees owe their large number of varieties, 
and the high degree of constancy of all the samples, even, to this 
exclusion of one of the two main parts of the common variability. 
The term variety is often taken as indicating only one single indi¬ 
vidual with its peculiar characters acquired in the embryonic stage, 
which remain unchanged in the thousands and in the millions of its 

grafts and cuttings. . 

Nature, of course, makes some use of vegetative multiplication, too. 
But since this process does not play any prominent part in the cur¬ 
rent theories concerning the larger features of progressive develop¬ 
ment, it has no further interest for our present discussion. 

One main point, however, has to be considered. It is seen by 
looking at the question from the opposite side. In order to take a 
definite example, we may ask to what extent an observed character 
is due to'embryonic variability, and which part falls to the partial 
variability. In all cases of branched plants there is no difficulty, and 
every one will grant that only the average of all the leaves or all the 
fruits or all the flowers can be the result of embryonic changes. 

But in the case of main stems and main roots there is no possibility 
to determine this average. An annual plant has one main stem, 
whilst a perennial species has many of them. The one stem is 
obviously to be considered as equivalent to only one of the many in 
the latter case. It may be of average height, but it may as well be a 
more or less extreme variant. 

Exactly so it is in practice. The amount of sugar in an individual 
sugar-beet is partly due to embryonic variability and partly to the 
subsequent influence of treatment and weather. Now it is manifest 
that both are of value for the direct industrial purposes, but it is 
equally manifest that both cannot have the same signification for 
the value of the seeds which this individual plant may afterwards 
produce. Or. in other words, the sugar-amount of a beet is in no way 
a full and reliable indication of its value as a seed-bearer. If a high 
amount of sugar is due to embryonic variability, it is indicative of 
high excellence, and will probably be followed by the production of 
seed of primary quality. If, on the other hand, the percentage figure 
is reached by exceedingly favorable weather, or by an accidentally 
good position of a plant on the field, as to light, space, and the escape 
from all its enemies, it is no indication at all of embryonic variability, 
and it is very dubious whether it is to have a lasting influence on the 
seed. In fact, such a relation is strongly denied by Kimpau, von 
Ruemkcr, and other German authorities, whilst it was believed in by 
the famous English wheat-breeder Ilallett. 

Granting the exactness of the first view, the sugar-percentage 
figures are seen to be reliable only when subsequent or partial 
variability is sufficiently excluded. A hundred of selected beets may 
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be relied upon, if used for the continuance of a single strain, but 
each single beet of high percentage should be regarded with doubt. 
Direct experiments of Laurent, of Kuhn at Naarden, and others have 
proved the validity of this conclusion, showing that the progeny of 
extreme variants does not necessarily give always high averages for 

the amount of sugar. 

Regression has as yet chiefly been studied by means of statistical 
methods. It seems probable that it is largely due to the combination 
of embryonic and partial variability. If the latter has no influence, or 
only a very small influence, upon the embryonic latent qualities of 
the new seeds, there must be regression, even if embryonic variability 
itself should not be liable to it. 

Turning now to the processes in nature, we mayassert that the 
result of the struggle for life depends on the quality °f thei indi¬ 
viduals, but not on the causes of this quality. Any advance gained 
by partial variability will be of equal value as the same advance 
gained by embryonic fluctuation. Taking the latter as heritaWe and 
the first as not, or nearly not, it is easily seen that the re a .on beU een 
the struggle for life and the hereditary qualities is by far not so 

mate as has hitherto been assumed. 

It mav readily be granted that the fittest survive. But it may 
also bTg'ranLd^hat,^ broad figures, half of the ^ have he 
power to transmit their fitness to their offspring, whilsther 
half have not. And if, perchance, the same proportion should hold 

“ d i* >» - "*» 1 ■» ih '“:« g r. 

whether it springs from the fitter or from the less fit pnrents. 

Probably no breeder and no physiologist would 'ake such an ex¬ 
treme view. Some effect of the struggle for life in nature must a 
well be granted as for artificial selection. My a,scuss, °" hat ° J- 
the aim of convincing you that there is much exaggeration in the 

current conceptions concerning the effects of e 
the struccle for life between individuals of the same . pe • • • 

SL.13S ~ .=. 1 .™ «»> * *» “ ZSZ 

and partial variability points to a prominent part of the L 
to a lesser chance of fluctuation at large playing a notable 
the evolution of the whole animal ^d vcge-able k.ngdoMr 
If the visible characters of an extreme variant are 
base for the judgment of its hereditary excellence. * he quest,o 

course arises, what marks have to be put in i s r’ • ’ important 

Obviously this is a most vital question. It ■ ff Wcm 

from a practical point of view as with a viewt.thei hole problem 

of the part of fluctuating variability m organic ’ , 

It h^ been answered in one and the same -ay by practical breeden, 

and by purely scientific experiments. Ha> s in . f | of 

Lochow in Germany have propounded the idea that the fact 
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heredity itself is the only fully reliable proof of heredity. Or, m 
other words, the average constitution of the offspring is the mark 
which gives us the information wanted. No visible quality can be 
a trustworthy substitute for it, and such are only to be regarded as 

surrogates. ,.. 

This average constitution must be expressed by the hereditary 
percentage of true inheritance of the mark under consideration. 
If It is determined by the culture of one hundred children of each 
mother plant, it constitutes the centgener power of that mother, 
as it is called by Hays. Selection has to rely on this percentage- 
figure, and the results, already attained, give proof that here a new 
method is given which is able to yield large and rapid improvements. 
It is the same principle which since the earliest times is, in the 
main, ruling the selection of our domestic animals. 

If this principle should prevail and come to exclude the selection 
on the ground of the visible qualities of the individuals, the com¬ 
parison between artificial and natural selection will largely change 
its aspect. For it is evident that the latent hereditary possibilities 
of an individual have no influence at all on its chance of surviving 
in the struggle for life. Only by very remote considerations would it 
be possible to uphold the significance of this, but in all ordinary 
cases, this significance for the improvement of the race would be 
reduced to nothing. 

Thus we see that a close analysis of the factors which provoke 
the fluctuating variability goes to prove how uncertain the basis is, 
which it affords for an explanation of organic evolution at large. 
On many points, artificial and natural intraspecific selection have 
been compared, but nowhere is this comparison favorable to the 
current theoretical views. On the other hand, the artificial pro¬ 
cesses of variety-testing and the theoretical and presumable selec¬ 
tion between elementary species in nature seem to be perfectly 
comparable. The large practical significance of the first points 
clearly to an equally large theoretical importance of the latter. 
Hence we conclude that interspecific selection through the strug¬ 
gle for life is the always-acting sieve which keeps evolution on the 
main lines, and which in this way is the one great Darwinian cause 
of all organic progress. 
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The problem of problems in biology to-day — the problem which 
promises to sweep through the present century as it has the past 
one, with cumulative interest and correspondingly important re¬ 
sults — is the one which became the life-work of Charles Darwin, 
and which cannot be better or more simply expressed than in the 
title of his epoch-making book, — The Origin of Species. 

Darwin certainly made this problem one of universal interest, and 
no one will denv that the work which he did has revolutionized 
both the morphological and the physiological branches of biology. 
Indeed, no field of thought has escaped the leavening influence of 
his conclusions. 

The prevailing belief up to Darwin’s time that species were im¬ 
mutable forms, each separately designed and fashioned by the 
Creator, and each endowed with all its instincts and equipped 
with a structural organization perfectly adapted to its pwnM 
sphere of life,-this old belief was certainly effectually exploded. 

and is now passing into oblivion. 

With one mighty stroke Darwin released biology from the tin. 
dom of supernaturalism. In the place of special creations and catn- 
clysmal revolutions, he set up progressive evolution through the 
operation of simple natural laws. To unveil that sacredn«J 
of mysteries, and reduce it to the level of natural laws. 
to all Christendom. The idea of a self-regulating. pro*««ve evolu¬ 
tion of species appeared, even to many eminent men of 
be a “heresy.” This was the case with Sir John Hcischcl, a 
Sir Charles Lyell was at first of the same opinion, although lie 
became convinced that natural laws were just as efficient ami 
uniform in operation in the organic as in the inorganic world. 

The outcome is familiar history. The sciences all the way up 
to psychology have experienced a wonderful renascence, an " 
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world at large has moved forward in sympathetic accord to the close 
of a truly “Wonderful Century.” 

Few, however, would now claim that Darwin’s solution was 
entirely conclusive and complete. From the nature of the case, 
Darwin could not exhaust the problem, and no one has made this 
clearer than Darwin himself, who examined his own theory with 
such critical acumen and breadth of knowledge that he anticipated 
nearly every important objection that has since been urged by others. 
A problem that is at once the focal point of each and every one of the 
biological sciences is not to be exhausted by one man, however long 
and successful his work. The problem has grown larger rather than 
smaller with every new contribution to its solution. The expansion 
of its horizon, however, has not, and, as I believe, is not likely to dis¬ 
close the “death-bed of Darwinism." We have heard the predictions, 
but have witnessed no fulfillment. 

Among the rival theories of natural selection two are especially 
noteworthy. One of these is now generally known as orthogenesis. 1 
Theodore Eimer was one of the early champions of this theory, 
basing his arguments primarily upon his researches on the variation 
of the wall-lizard (1874-81). Eimer boldly announced his later 
works on The Origin o / Species (1888), and the Orthogenesis oj the 
Butterflies (1897), as furnishing complete proof of definitely directed 
variation, as the result of the inheritance of acquired characters, and 
as showing the litter “impotence of natural selection .” Eimer’s intem¬ 
perate ferocity toward the views of Darwin and Weismann, coupled 
with an almost fanatical advocacy of the notion that organic evo¬ 
lution depends upon the inheritance of acquired characters, was 
enough to prejudice the whole case of orthogenesis. Moreover, the 
controversial setting given to the idea of definitely directed varia¬ 
tion, without the aid of utility and natural selection, made it difficult 
to escape the conclusion that orthogenesis was only a new form of 
the old teleology, from the paralyzing domination of which Darwin 
and Lyell and their followers had rescued science. Thus handicapped, 
the theory of orthogenesis has found little favor outside the circle 
of Eimer’s pupils. 


The second of the two theories alluded to is the mutation theory 
of Hugo de Vries. The distinguished author of this theory, whose 
presence honors this International Congress, and lends special 6clat 
to the Section of Phytogeny, maintains, on the basis of long-con¬ 
tinued experimental research, that species originate, not by slow, 
gradual variation, as held by Darwin and Wallace, but by sudden 
saltations , or sport-like mutations. According to this theory, two 
fundamentally distinct phenomena have hitherto been confounded 
under the term variation. In other words, variation, as used by 
1 A name introduced by Wilhelm Haacke (Gcstaltung und Vererbung, p. 31 ). 
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Darwin and others, covers two classes of phenomena, totally d.st.nct 
in nature, action, and effect. Variation proper is defined as the 
ordinary, fluctuating, or individual variation, and this is held to be 

absolutely impotent to form new species. 

It is claimed that no amount of either natural or artificial selection 
can by any possibility lead this variation up to the birth of a new 
species. The utmost that could be attained would be an unproved 
race that would inevitably revert to the original state as soon as left 

t0 Mutation, on the other hand, never advances by » lo 'v and minute 
modifications, which are continuous and cumulative but W • 

sudden lumps. In the words of De Vr.es: “Species have ot arisen 
through gradual selection, continued for hundreds or thousands 
of years, but by jumps ( stulenweise) through sudden, though small, 
transformations. In contrast with variations which ^e changes 
advancing in a linear direction, the transformations to be called 
mutations diverge in neu. direction* They ^ P^ten, 

im De Ut Vries does not deny that variation produces what may appear 
*5 transitional forms, 

^“t^hich may obscure, but not obliterate 
th “For C “ fi say?De Vries, “the transitions do not appear before the 

forms^ er, ^e'mdg^n 0 takes rdace^not^through't'hem^ but wholly 
pendcntly of them.” (Vol. I, P- 362 ) mutants obtained 

Granting that the position with resect to the mum” 

from the evening primrose (Chnot era > Illu tation, and 

does it follow that all new species te e • . any . 

that continuous variation has never had, and ncxe. 

thing to do with the origin of species? evi _ 

Plausible as is the argument and ^Pres-sne as s -he array 

i...« i. 

us to suspend judgment for a while o P evening primroses, 
tion theory. America is the original home > * ^ ,, e 

and it is here that obtained in 

worked out in the light of the expci 

Holland. 
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What does it mean that a few mutants keep on reappearing year 
after year, and that even the mutants themselves mutate, not in new 
lines, but in the same old ones? Persuaded as deeply as I am that 
we can never draw from a species anything for which no ancestral 
foundations preexist, I anticipate that our wild evening primroses 
have revelations to make. 

Whatever revelations may await future investigation in this field, 
the work done in the Primrose Garden of Amsterdam will stand as 
a classical contribution to the new biology, and as one of the very 
best models in method of research that we have yet seen. 

Natural selection, orthogenesis, and mutation appear to present 
fundamental contradictions; but I believe that each stands for truth, 
and that reconciliation is not distant. 


The so-called mutations of JZnothera are indubitable facts; but 
two leading questions remain to be answered. First, are these muta¬ 
tions, now appearing, as is claimed, independently of variation, never¬ 
theless the products of variations that took place at an earlier period 
in the history of these plants? Secondly, if species can spring into 
existence at a single leap, without the assistance of cumulative varia¬ 
tions, may they not also originate with such assistance? That varia¬ 
tion does issue in new species, and that natural selection is a factor, 
though not the only factor, in determining results, is, in my opinion, 
us certain as that grass grows, although we cannot see it grow. 

Furthermore, I believe I have found indubitable evidence of 
species-forming variation advancing in a definite direction (ortho¬ 
genesis), and likewise of variations in various directions (amphi- 
genesis). If I am not mistaken in this, the reconciliation for natural 
selection and orthogenesis is at hand. 

I am aware that orthogenesis is held by many to be utterly incom¬ 
patible with both natural selection and mutation. “The Darwinian 
principle demands,” says De Vries, “that species-forming variability 
and mutability be indeterminate in direction. Deviation in all senses 
must arise, without favor to any particular direction, and especially 
without partiality for the direction proceeding from the theory to 
be explained. Every hypothesis which departs from this principle 
must be rejected as teleological, and therefore unscientific.” (Vol. i 
p. 140.) v ’ 


Again (p. 180) the same point is amplified: “Again and again, and 
by authors of different aims, it has been insisted upon that species¬ 
forming variability must h: The assumption of a definite 

vanation-tendency which - :.uld condition, or even favor, the appear¬ 
ance of adaptive modifications, lies outside the pale of the natural 
science oi to-d.iy. In fact, the great advantage of Darwin’s doctrine 

of t C10n T m , th ! S ’ * ifc strives t0 ex P!»in the whole evolution 
ne animal and p.ont kingdoms without the aid of supernatural 
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presuppositions. According to this doctrine, species-forming varia¬ 
bility goes on without regard to the qualification of the new species 
for maintaining themselves in life. It simply supplies the struggle 
for existence with the material for natural selection. Whether this 
selection takes place between individuals, as Darwin and Wallace 
supposed, or decides between whole species, as the mutation-theory 
demands, ultimately it is, in either case, simply the ability for exist¬ 
ence under given external conditions that decides upon the perman¬ 
ence of the new form ” (p. 180). . 

I take exception here only to the implication that a definite 
variation-tendency must be considered to be teleological because it 
is not "orderless.” I venture to assert that variation is sometimes 
orderly, and at other times rather disorderly, and that the one is 
just as free from teleology as the other. In our aversion to the o d 
teleology, so effectually banished from science by Darwin, we.should 
not forget that the world is full of order, the organic no less than the 
inorganic. Indeed, what is the whole development of an organism 
if not strictly and marvelously orderly? Is not every stage, from 
the primordial germ onward, and the whole sequence of stages, rigidly 
orthogenetic? If variations are deviations in the directions o the 
developmental processes, what wonder is there if m some directions 
there is less resistance to variation than in others? What "°" dc 
the organism is so balanced as to permit of both umfarious an 
multifarious variations? If a developmental process may run on 
throughout life (e. g., the lifelong multiplication of thei surface-porc^ 
of the lateral-line system in Amia), what wonder if*findlauhole 
species gravitating slowly in one or a few directions? And 
large groups of species all affected by a like variation, '"ovmg m the 
same general direction, are we compelled to regard such “a definite 
variation-tendency ” as teleological, and hence out oft he pale of 
science? If a designer sets limits to variation in order to reach 
definite end, the direction of events is teleological; but ‘ 
and the laws of development exclude some lines of variat on and 
favor others, there is certainly nothing supernatural .n tli s.jnd 
nothing which is incompatible with natural selection Nntura 
tion may enter at any stage of orthogenetic variation presen c a 
modify in various directions the results over which it ma> 

no Pilous control. difficulties for 

Orthogenesis, I hope to m.ke removes th» d,IBeulty I- 

stages is not what it is so generally presumed to be- The advocates 
of natural selection habitually assume that the evolution of org. 
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or character begins with an “infinitesimal rudiment/’ which has no 
way of emerging from its functionless state except through minute 
chance variations in various directions. In this assumption the 
problem is misconceived. The characters we meet with to-day have 
rarely, if ever, arisen by direct evolution from useless rudiments. 
When we know enough about a character to undertake to trace its 
genesis, the “rudiment” imagined to lie so near recedes, and we 
are led on, not to a “beginning,” but to an antecedent; and if we 
are fortunate enough to be able to advance farther, we come to 
another antecedent, and so on. The series of antecedents stretches 
ever as far as we can see. As we repeat this experience with different 
characters, looking always for the primordial rudiment, our childish 
faith in such “beginnings” gives way to the conviction that the chase 
is led by a phantom. 

No one of our sense-organs, for example, can be traced to a rudi¬ 
ment, except in the embryological sense. The eye of the vertebrate 
may appear as a rudiment in the embryo, but no one can doubt that 
it has had a phylogenetic history, the first term of which — if first 
there be — must have been very different from its present embryonic 
rudiment. To assume that the eye began in some indifferent variation 
that fluctuated or mutated, chance-wise, into a state of incipient 
utility, and was then developed in a direct line to its present stage of 
complex adaptations, either gradually or per saltus, would be hardly 
more satisfactory than appealing to a miraculous succession of 
miracles. It is impossible to believe that such a system of har¬ 
monious coadaptations could ever arise by mutation; 1 and selec¬ 
tion, although playing a very important part in such achievements, 
is probably never equal to the whole task. Without the assistance of 
some factor having more continuous directive efficiency, selection 
would fail to bring out of the chaos of chance variation, or kaleido¬ 
scopic mutation, such progressive evolution as the organic world 
reveals. 

In order to show that such a factor is essential, and that it is 
actually present, supplying the indispensable initial stages, and 
holding the master hand in the general direction of evolution, demon¬ 
strative evidence is, of course, required. Such evidence lies in the 
history of specific characters. But how shall we approach such a task, 
if no near-by rudiment is to be found as a starting-point? Rudiments 
and premutations are alike illusory in this regard, for their beginning 
is always and necessarily assumed to lie in the realm of the invisible 
and unknowable. If we are to keep always on ground that is open to 


refoiw7« < - m P hasiz fd the same objection. In a letter to Asa Gray, 

title?Itjsknpo-ible to imagine so many coadap- 

for such*phenomena. *"***“*• * «* station 
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investigation, we must find our starting-points in known stages. As 
the laws of nature are constant, it is not essential to trace entire his¬ 
tories. If some chapters are sufficiently open to observation and 
experiment to permit of close study, we may hope, in some of the 
more favorable cases, to read the phenomena in their natural order, 
and to learn from what goes on in one part of the history the factors 
that govern in all parts. 

The study of the problem of the origin of species resolves itself, 
therefore, ever more clearly into exhaustive studies of single favor¬ 
able characters, in the more accessible portions of their history. 

For decisive evidence we must have characters of a comparatively 
simple nature, the evolutional records of which, in every case, are to 
be read in a considerable number of different species of known com¬ 


mon origin. . 

It is a great mistake to resort exclusively to domestic races, for 
here the ancestry contains so many unknown elements that it is 
often impossible to refer phenomena to their proper sources Even 
the so-called "pure breeds” are decidedly impure as compared with 
pure wild species. The ideal situation, as regards material, is o have 
pure wild species in abundance as the chief reliance, and allied 

domestic races for subsidiary purposes. 

The pigeon amply fulfills all these prerequisites. A simple and con¬ 
venient character, presenting divergent courses of eyohit.on m some 
species and parallel courses in others, is to be found ... the u.ng-ba.s 

and their homologues. . 

It is to some chapters in the history of this character that " 
now turn for evidence that natural selection waits for oppmUnnUe . 
to be supplied, not by multifarious variation or orderless muta o.., 
but by continuous evolutional processes advancing ... definite d.rct 

U The rock pigeons (Columba livia) present two very distinct color- 

perm's wU z 

tributed to the feathers of the wing and the back, the otto > 
black wing-bars on a slate-gray ground. These two patterns n,a> 
seen in almost any flock of domestic pigeons. . • 

the point of trying to determine which pattern was to be cjsider^ed 

original and how the derivation of the ot iei‘ naturalists 

Darwin’s explanation was so simple and capt.vat.ngthatnaturals.s 

generally accepted it as final. It is but fair to s ate that Darw. s 

conclusions did not rest on a comparative study of •the « 

displayed in the many wild species of pigeons. cc p „ 
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generally held by naturalists, that the rock pigeons must be regarded 
as the ancestors of domestic races, the question was limited to the 
point just stated. 

It was known that the two types interbreed freely, under domesti¬ 
cation, and it had been reported that checkered pigeons sometimes 
appeared as the offspring of two-barred pigeons. Moreover, Darwin 
discovered that the checkers were homologous with the spots com¬ 
posing the bars. As the main purpose was to show that variation 
was present to any extent required for the origin of new species, 
rather than to trace its course in any specific case, and as variation 
was supposed to be multifarious, and progress to be guided by na¬ 
tural selection of the “fittest,” it is not strange that Darwin failed 
to get the direction of variation, or to realize that in direction is given 
the key to one of the fundamental laws of evolution. 

As the two color-patterns are alike in having a common element, 
and differ chiefly in the number of elements, it was natural enough 
to take the smaller number as the point of departure, and to view 
the larger number as “an extension of these marks to other parts of 
the plumage.” (Animals and Plants, vol. i, p. 225.) With the ances¬ 
tral type thus determined, and a simple mode of variation pointed 
out, Darwin could dismiss the problem with these words: “No import¬ 
ance can be attached to this natural variation in the plumage.” 

Whence and how the two bars arose was not explained. The mode 
of departure assumed to account for the checkered variety would, 
however, suggest that the bars themselves originated in the same 
manner; that is, from one or two spots arising de novo, as chance- 
variations, and the gradual extension of like spots in two rows of 
feathers. The one or more original spots, according to the general 
theory, would first appear as minute rudiments, and then be grad¬ 
ually enlarged and intensified by the aid of natural selection, guided 
by their utility as recognition marks. 

Such a mode of origin would presuppose a plain, uniform gray 
ancestor, without any spots or bars in the wings, and would raise 
many puzzling questions that would be beyond the reach of inves¬ 
tigation. For example: Why two bars? Why at the posterior end 
of the wing? Why do the spots taper backwards to a more or less 
sharp point in the checkered variety, while presenting a nearly 
square form in typical bars? Why should they have first extended 
upward, or downward, and in two rather than any other number of 
rows of feathers? If two rows of feathers were favored long enough 
to establish the bars for ornamental or other purposes, what freak of 
natural selection could have then interposed to turn a long-favored, 
definitely directed extension into a diffuse general extension, and 
thus to neutralize completely the very effects it was invoked to ex- 
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Natural selection could not be supposed to originate or to guide 
the first indifferent stages of new characters. Mutation would be 
equally helpless, and each step would leave a gulf of discontinuity, — a 
miracle that nature seems to abhor. 

Turning from theoretical impasses to the facts, let us compare the 
two patterns. 

In the checkered pattern all the feathers are marked alike — no 
regional differentiation. In the other type we have a conspicuous 
local differentiation, suggesting at once a higher stage of evolution. 
Checkered wings are to be found which vary all the way between a 
uniform marking and the barred type. If we arrange a number of 
unequally checkered wings in a series, running from the most to the 
least checkered, we shall see that the pattern approaches more and 
more nearly to that of two bars, as the checkers dimmish in size and 
number. We shall notice that the pigment is reduced more rapidly 
in the anterior than in the posterior part of the wing. 

As checkers are reduced, they gradually lose their sharp ends, and 
approximate the square or rounded form seen in the elements of the 
typical bars. The series shows a flowing gradation, that may be read 
forward or backward with equal facility. Darwin’s view takes the 
bars as the starting-point and reads forward. Taking the checkered 
condition as the point of departure, the variation runs just as 
smoothly in the opposite direction. We here meet an ambiguity 
that is everywhere present in color-pattern problems an am >igu- 
itv that is frequently overlooked with disastrous consequences. 
The only way to eliminate the difficulty is to take our evidence from 
several different sources, and when agreement is found for one direc¬ 
tion, and disagreement for the other, the way is clear. 

As an experiment, we may take one or more pairs of pure-bred, 
typically barred pigeons, and keep them isolated from checkered 
birds for several years, in order to see if the young ever advance 


toward the checkered type. 

Another experiment should be tried for the purpose of seems «hat 
can be done by working in just the opposite direction. In '■«* 
we take checkered birds, selecting in each generation birds u.tn 
the fewer and smaller checkers, and rejecting the others, in o.< e 
see if the process of reduction can be carried to the condition of three 
two, and one bar, and finally, to complete obliteration of both 
checkers and bars, leaving the wing a tabula rasa of uniform gray 


If these experiments are continued sufficiently far, it will be found 
from the second experiment that a gradual reduction of pigment 
to the extreme conditions named can be comparatively easily 
effected, and that the direction of reduction will always be the same 
from before backward; while, from the first experiment, it will be 
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seen that it is hopeless to try to advance in the opposite direction, 
from the bars forward to the checkered condition. No variations 
will appear in that direction, but such as do appear will take the 
opposite direction, tending to diminish the width of the bars and to 
weaken their color. It is in this way that we must account for the 
existence of some fancy breeds in which the bars have been wholly 
obliterated. The direction of evolution can never be reversed. 

I have tried both experiments for eight years, and as both tell the 
same story as to the direction of variation, I am satisfied that further 
experiments will not essentially modify the results. 

With reduction traveling from before backward, in the manner 
described, we get the bars in their typical number, form, and position, 
as one o / the necessary stages of the process, and without appealing to 
de novo origin, incipient rudiments, etc. 

But if bars originated in such simple fashion,— the direction of 
evolution being precisely the same as that oj embryological development , — 
if the theory of rudiments must be abandoned in this case, do we not 
meet the same theory again in any attempt to account for the 
checkers? 

What kind of rudiments could be imagined? We might assume 
that minute flecks of pigment first appeared, one in each feather; 
and then, further, imagine that these purely chance originations 
happened to have some slight utility, and that natural selection did 
the rest. But it is just as difficult to account for a small as a large 
origin de novo, and the smaller it is, the more unfortunate it is for 
the theory of natural selection. 

If we seek refuge in the doctrine of mutation, are we better off? 
Mutation hides itself in the undiscoverable premutation, and so we 
have all the difficulty of an incipient stage, and no means of advanc¬ 
ing by ordinary variation. 

Fortunately we are not driven to either alternative, for the 
checkers arise neither as mutations nor as rudiments, but by direct 
and gradual modification of an earlier ancestral mark, which came 
with the birth of the pigeon phylum, as a heritage from still more 
distant avian ancestors. 

This ancestral mark is a dark spot filling the whole central part 
of the feather, leaving only a narrow distal edge of a lighter color. 
This mark is still well preserved in some of the old-world turtle¬ 
doves — best in the Oriental turtle-dove of China and Japan. The 
checker of C. livia differs from the dark centre of T. orientalis 
only in form and in having a lateral position. Typically this spot 
appears in pairs, one on each side of the feather. The two spots 
represent the two halves of the old central spot, which becomes 
more or less deeply divk'•' 1 y the disappearance of pigment along 
the shaft of the feather. ' *\b change begins at the tip of the feather 
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and advances inward, but usually more rapidly along the shaft 
than at the sides, thus resulting in two checkers with more or less 
pointed tips. 

The direction of change again coincides with that of embryonic 
development, the tip of the feather, where it begins, being first in 
order of development. 

In many checkered rock pigeons we may find in the dorsal (inner) 
feathers of the bars undivided central spots, which pass gradually 
into the typical checkers as we pass towards the lower (outer) ends 
of the bars. Transitional stages of various degrees thus connect the 
derived with the ancestral type in one and the same individual, and 
so demonstrate that the two specific marks are not separated by im¬ 
passable mutation gaps. 

While it is not necessary to go beyond the wild rock pigeons and 
the multitude of domestic races descended from them to learn that 
nature has here pursued one chief direction of color variation, always 
leaving an open door, however, to minor modifications and improve¬ 
ments through natural and artificial selection, it is, nevertheless, highly 
instructive to make a comparative study of the whole group of wild 
pigeons, in both adult and juvenal stages. It is in this field that we 
find the same lessons amplified and repeated in multitudinous ways, 
confirmation confirmed, convergence of testimony complete. 

It will be sufficient here to cite a few examples. 

In the little ground doves (Chamcepelia passenna) of Florida. 
Arizona, California, Central and South America, and the \\ est Indies, 
we find the turtle-dove pattern preserved in the whole breast region 
and in the anterior, smaller coverts of the wings, while in the posterior 
portion of the wings we meet with lateral spots or checkers, of higher 
finish than in the rock pigeons. In many coverts of the wing, we find 
the dark centres more or less reduced, with the dista ends of hen 
remnants in various stages of conversion into lateral spots. Hen 
again we find most striking proof of gradual change from one specific 

type to another. * f 

In the brilliant bronze-winged pigeon (Phaps chalcopUra) of Aus- 
tralia, we have still another combination type, in winch ""Icsccnt 
checkers coexist with the original dark centres. Here the chec he 
seems to arise by direct differentiation of a lateral poH'on of he 
dark centre, the latter still occupying the or.gmal field 
the ground within which the checker appears as a more hi h y 
colored spot. While the dark centre does not suffer “"y reduct on 
in its field, it does lose considerably in intensity of color. The metallic 
spots are therefore probably built up by concentra ion of pigment 
at the expense of the dark centres. As these birds make great display 
of their colors in the breeding season, this departure from the ortho- 
genetic trend of development may be attributed to natural selection. 
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The wild passenger pigeon (Ectopistes) bears checkers closely re¬ 
sembling those of the checkered rock pigeon, in form, color, and dis¬ 
tribution. In this species the sexes are distinctly differentiated in 
color; and we have for comparison three stages in an ascending 
series; namely, the juvenal, the adult female, and the adult male. As 
in so many other birds, the male makes the widest departure from 
original conditions; the female occupies a lower plane; the young 
are nearly alike in both sexes, and may be said to recapitulate 
ancestral conditions with less modification than is seen in the adult 
of either sex. 

In birds taken at random, I count in the left wing and scapulars 
90 checkers in a juvenal, 51 in an adult female, and 25 in an adult 
male. This is pretty conclusive evidence that checkers are, or have 
been, disappearing in the species. Not only the number, but also the 
size of the checkers has been reduced. In the female the checkers 
are for the most part two or more times as large as in the male. The 
reduction in both respects has been greater in the anterior than in 
the posterior half of the wing, and greater along the lower edge than 
in the middle and back regions. 

In this species we may recognize at first sight the homologues of 
the rock pigeon bars. On the secondaries of the female we find the 
homologue of the posterior bar, and on the first row of long coverts 
the homologue of the anterior bar. The latter is scarcely recognizable 
as a bar; for we see only five or six checkers in the upper half of the 
row, the lower half being without checkers. Nevertheless, this row 
represents, so far as it goes, the elements of a bar, which is already 
too far gone to have even a chance to attain the finish of a perfect bar. 1 

On the secondaries the checkers fall into juxtaposition, forming a 
continuous bar, with an irregular posterior outline, which indicates 
that the checkers have been unevenly reduced from behind. It is a 
rudely finished bar, which has sunk below the horizon of utility, if it 
was ever above it, and is now facing ultimate effacement. The re¬ 
duction has advanced further in the male, with no improvement 
towards regularity of outline. Here it becomes quite certain that 
effacement advances from all sides, leaving but a small remnant of a 
bar confined to two or three feathers. 

Glancing at the wing as a whole, in both young and old, it is plain 
that the process of obliteration is in progress over the ent ire checkered 
area. The elongated, sharp-pointed marks of the earlier pattern 
have rounded tips :n the adult; the posterior bar is roughly emargi- 
nated; the numV .v'.r checkers is reduced by a half or more; and some 
of the remaining ones are but little more than mere dots. It is also 


JJ young, the check* r* >f this row ore more numerous and much more 
sharply pointed at the end*.. both respects the juvenal pattern approaches 
more nearly a condition of general uniformity. ^ 
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equally manifest that the process of reduction is making more 
rapid progress in the fore part of the wing and along its lower edge 
than elsewhere. There can be no mistake here as to the direction 
in which the phenomena are to be read. The direction is as certain 
as that the adult male stands in advance of the adult female, and 
still more in advance of the young bird. The significance of the case 
lies mainly in the fact that it is not an isolated or exceptional one. 
Many other species tell more or less perfectly the same story. 

A parallel case, only carried still farther in the same direction, is 
found in the mourning dove (Zenaidura). The adult male and fe¬ 
male differ but slightly, each having only about a dozen checkers 
visible on each side. These are confined to the scapulars, and to a 
few feathers at the posterior upper edge of the wing. In the young, 
they are more numerous, but less so than in the young passengei 
pigeon. The middle and fore parts of the wing in the adult have no 
visible checkers, but a few concealed ones which may be seen on 
lifting the overlying feathers. These concealed checkers, and other 
differences between old and young, show that the species had its 
origin in a checkered stock, and that its history has been analogous 
to that of the passenger pigeon. 

The white-winged pigeon (Melopelia leucoptcra) is a most instruct¬ 
ive form. Although a much more highly accomplished bird in the 
arts of display of form, feathers, and voice, than the mourning dove, 
it has suffered a complete effacement of the checkers it once pos¬ 
sessed in common with other members of the family. Indubitable 
proof of this is to be seen in the juvenal feathers, which, in some 
cases, exhibit a few pale vestigial spots in the last two rows of long 
coverts, at points where the checkers are usually best developed in 
checkered species. Another striking proof is to be found in the 
coverts and scapulars of the adult bird, where we find, on lifting 
the feathers, distinctly outlined areas, corresponding in shape and 
position with reduced checkers, but from which the black pigment 
has disappeared. These vestigial outlines, structurally defined, 
were first noticed in a female bird of a dark shade.* The outlines 
were more perfect than in lighter birds obtained from Arizona and 

California. , , • 

Similar vestiges are present in the mourning dove, and here their 
identification as marks formerly filled out with black pigment .s 
freed from every shadow of doubt by checkers in all stages of obhtera- 
tion. 

The large wood pigeon (C. palumbus) of Europe has departed 
still more widely from the turtle-dove type, having lost all its black 
spots except a few in the neck patches, which have retreated so ai 
from the tips of the feathers as to be concealed. The gray plumage 
* Captured in Jamaica by Dr. Humphreys. 
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and the white streak along the edge of the wing mark a plane in 
the evolution of this bird very nearly identical with that of the 
white-winged pigeon. A little higher plane has been reached by our 
band-tailed pigeon of the Pacific coast, which is also a species of 
turtle-dove derivation, as shown in the neck-marking and in the 
voice and behavior. 1 

These illustrations, which could be extended into the hundreds, 
may be concluded with two cases, representing wide extremes, yet 
governed by the same law of progressive orthogenetic variation. 

The crested pigeon of Australia (Ocyphaps lophotes ) stands at 
one extreme, at the uppermost limit in the number of bands and in 
the perfection of finish. There are eleven, or at most twelve, parallel 
bands crossing the wing and scapulars transversely, each band 
marking a single row of feathers, with the regularity of zebra stripes. 
The width of these bands increases from before backward, begin¬ 
ning with a width of about } mm. and reaching 4 to 5 mm. on the tenth 
band. The eleventh band, located on the long coverts, is especially 
interesting, as it begins above with narrow elements, like the pre¬ 


ceding, but is continued, from the third or fourth feather onward, 
by elongated chcckcr-like spots. 

This band, or bar, is the homologue of the anterior bar in the rock 
pigeon, and furnishes a standing picture of transitional continuity 
from one character to another, and at the same time settles beyond 
dispute the direction variation has pursued. So clear and decisive 
is the case, that one might safely predict that this entire bar is 
destined to be reduced to the narrow band-type seen in the fore part 
of the wing. We have only to turn to a closely allied species, the 
white-breasted crested pigeon (Lophophaps leucogastcr) 2 to find that 
it has already realized the prediction to the full, having everv checker 
in this row converted into a typical band-element. 

Moreover, the transformation has already begun in the first 
feather of the next and last row, so that the same prediction could 
)e extended to this bar, which is the homologue of the posterior 
bar in the rock pigeon. 

Glancing again at Ocyphaps. and looking at the wing as a whole, 
t ie course of transformation, its mode, direction, and future term¬ 
ination are all very clearly defined. The wing-pattern, as shown 
especially in the light edges of the juvenal plumage, takes us clear 
back to the turtle-dove type. Next came the checkered pattern 
similar to that of the - ::ive rock pigeon. Reduction of pigment, 
proceeding fro- :. .ore backward, fashioned the bilateral checkers 
° m the U ’ r central * Q P” ts - The reduction kept on in the same 

individuals. 

can,o ,T, that recent.y 
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direction, shortening the checkers and transforming the rows suc¬ 
cessively into narrow bands, eventually reaching the eleventh row, 
where we find only one or two complete steps, followed by a graded 
series of 4 to 6 steps, less and less decided, until we lose every trace 
of them. So finely graded are these steps in some females that it is 

difficult to locate the vanishing-point. 

Unless the process of transformation is arrested by the extinction 
of the species, or through the intervention of some more potent 
modifying influences than have thus far appeared, the fate of both 
posterior bars is irrevocably sealed. Granting that natural selection 
may be credited with strengthening the iridescent splendor df these 
bars, I believe that the orthogenetic influences are bound to prevail 

here as in the white-breasted species. 

But is there any direct proof that the transformation is actually 
making progress to-day? May not these transitional steps go on ap¬ 
pearing generation after generation, without ever making any per¬ 


manent progress? 

We have to concede that we cannot follow the processes that 
reveal themselves in steps. We can at most only see what is done - 
not the doing. We are entirely in the dark as to the time require 
to carry the change through a single row of feathers. But we know 
that this has been done in three other species of the same family. 
We see that after it is done, not before, the transitional steps appear ... 
the next and last row. Moreover,-and this is as close ns we can 
hope to get to actual seeing,-we find that progress of just the kind 
we are looking for is certainly made in passing from the Juvenal to the 
adult plumage. This is an ontogenetic change of a few weeks, which 
we can easily demonstrate by experiment to be progressive and con¬ 
tinuous. The corresponding phylogenetic advance has• left no other 
record, and hence we only know that it took time - hat it "ns not 
a momentary salt. In the adult plumage, one or two full steps 
beyond the juvenal stage, and taken precisely at the points l>^ mar 
by transitional steps. The number of transitional steps is increased 

at the same time. 1 , ,. , .. Ka ,. c 

As the next and last illustration, I take a case ... which he _ba,s 
are verging to complete obliteration. The well-known w'MatoJ 
dove (C. anas) of Europe may serve as a convenient and 

1 One Doint here should not escape action;. ciS orarbftrary 

steps in Ocyphaps form a linear senes; but then- is 1h P j n an appointed 
about it. It i8 a email-number senes, eachrose at tfmt point 
place, and marks the height to which De Vries lms 

in it* course. Such a senes cannot he openi to t f which are collected 

very justly made against large-number the c£™”£ nal continuit v. 

at random and then arranged arbitrarily to display ■ varying in length. 

l In the Ocyphaps scries there is some fluctuate.the low guide,I 

but always ’advancing in one predetermined d,irc. -j . 
along a prepared channel, and flowing to \ar\"'S 
initial momentum. 
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ive example. In this pigeon we find that reduction of the checkers 
has swept over the whole wing, leaving nothing except a few obso¬ 
lete spots, which we recognize as vanishing elements of bars formerly 
more highly developed, and homologous with those of the rock 
pigeon. 

Here we find what at first glance looks like extraordinary variabil¬ 
ity, suggesting mutations, incipient stages, bars in statu nascendi , etc. 
The selectionist and the mutationist could each find what he looks 
for. The first thing to decide is the direction in which the phenomena 
are to be read. Is it a positive, progressive upbuilding of new charac¬ 
ters, or a negative, retrogressive weakening of old characters? I 
have already anticipated the answer, and will now briefly show how 
the direction of variation is decisively settled. 

(1) These spots have every outward appearance of being reduced 
remnants, such as we get in passing from the checkered to the 
barred condition in rock pigeons. They are rounded or squarish 
in form, frequently irregular and thin at the edges, dull in color as 
if fading, etc. 

(2) The smallest stages are not found on the exposed surface of 
the feathers, but lie concealed beneath the overlapping feathers 
next above or in front. Concealed spots admit of but one interpre¬ 
tation. This pigeon is a not distant relative of the rock pigeon, has 
a similar gray ground, and is therefore probably moving in a parallel 
direction, only more advanced. 

(3) The spots are found at the posterior end of the wing, near the 
upper edge, on one to three tertials and on a few long coverts. In some 
cases they occur also on a few of the second row of long coverts, but 
here they are always very small and completely concealed. They are 
thus in the position occupied by vanishing spots generally. 

(4) The adult plumage makes no advance in the number of spots, 
and some spots (second row of long coverts) visible in the young, 
are completely concealed in the adult. This indicates degeneration 
unmistakably. 

(5) The stock dove, although sometimes having a concealed third 
bar of few spots, never appears in checkered dress. It seems to have 
mo\ed so far in the opposite direction that no reversal of course is 
now open to it. 

Taking the checkered pattern as the earlier one, the various con¬ 
ditions of checkers and bars in rock pigeons, domestic races, and, 
indeed, in all the wild pigeons, become almost self-explanatory. 
U e could not expbdn satisfactorily how just two bars could arise 
dr novo m one species, three in another, twelve in another, and so on. 
the repetition of dr novo origins would become ever more incredible 
Making phytogeny our guide as to the starting-point, we find it 
* ° mparat,vely ea? >‘ to thread our wa X through the maze of patterns 
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existing among five hundred or more species of pigeons, and even to 
trace affinities farther back in the bird world. 

The orthogenetic process is the primary and fundamental one. 
In its course we find unlimited opportunities for the play of natural 
selection, escape the great difficulty of incipient stages, and readily 
understand why we find so many conditions arising and persisting 
without any direct help of selection. 


Charles Darwin. 

“As natural selection acts solely by accumulating slight, successive, favor¬ 
able variations, it can produce no great or sudden modification.” Origin of 
Species, ch. xiv, p. 421. 

“Slight individual differences, however, suffice for the work, and are probably 
the sole differences which are effective in the production of new species.” 
Animals and Plants, vol. H, ch. xx, p. 233. 

“As modem geology has almost banished such views as the excavation of a 
great valley by a single diluvial wave, so will natural selection, if it be a true 
principle, banish the belief of the continued creation of new organic beings, or oj 
any great and sudden modification in their structure." Origin of Species, ch. iv. 
p. 98. 


August Weismann. 

“The simultaneous modification of numerous cofunctioning parts, in essen¬ 
tially different ways, yet in harmonious functional relations, points conclu¬ 
sively to the fact that something is still wanting to the selection of Daru in and 

Wallace." Oerminal Selection, p. 22. . , , . 4 . 

“We know of only one natural principle of explanation for adaptation, that 

of selection." Ibid., p. 61. , , . . 

“The three principal stages of selection; that of personal selection, as held 
by Darwin and Wallace; that of histonal selection, as upheld by Wilhelm Houx 
in the form of a ‘Struggle of the Parts;’ and finally, that of germinal selection. 
the existence of which I have endeavored to establish - these are the factors 
that cooperate to maintain the forms of life constantly capable of life. lh,d .. 

"'"The harmony of the direction of variation with the requirements of tla- 
conditions of life is the riddle to be solved. The degree o / Ihc adaptat.on wh.cl, 
a part possesses itself determines the direction of variation of that part. Ibid.. 

P ’ “When a determinant has assumed a certain variation-direction it will follow if 
up of itself, and selection can do nothing more than secure it a free course by sit ing 
aside variations in other directions by means of the elimination of those that cx 
them." Evolution Theory, vol. II. p. 123. 


Carl von Ntigeli. .. • 

" Between the theory 0 / "lection and that of direct coupon there is appa - 
ently. only a little difference, since, according to the latter. tl>e present eo - 
tion of the organic world would likewise result from individual variation and 
elimination. But these two processes (selection and direct causation) d ffer 
damentally in their causal import. According to Darwin, variation is thegermi- 
nating factor, selection the directing and regulating factor; according to my 
view, variation is at once both the germinating and the directing factor. Accord¬ 
ing to Darwin, selection is indispensable; without it there could be no progres¬ 
sion, and organisms would remain in the same condition as at the beginning. 
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In my opinion, competition simply removes what is less capable of existence, 
but it is wholly without influence in bringing to pass anything more perfect or 
better adapted.” Theorie der Abstammungslehre, p. 285. 

“ The fortuitous or directionless variation of individuals would be conceivable, 
if it were conditioned by external influences (food, temperature, light, elec¬ 
tricity, gravitation); for, as these causes obviously cannot be brought into any 
definite relation to the more or less complex organization, they must effect 
sometimes a positive, sometimes a negative, step. If, however, the causes of 
variation are internal, in the constitution of the substance, then the matter 
stands otherwise. In this case the determinate organization of the substance 
must exercise a restricting influence upon its own variation ; and this influence, 
as development begins at the lowest point, can only take effect in an upward 
direction.” Abstammungslehre, p. 12. 

" Individuals transmit to their offspring the tendency to be like themselves, 
but the offspring are not perfectly like the parents. The tendency to variation 
must therefore also be transmitted. A primordium, if all conditions are favorable, 
must be able to develop ever farther in a series of generations, as a capital 
enlarges to which interest is added annually; for each generation inherits from 
the preceding not only the possibility to realize the capital, but also the possi¬ 
bility to add the interest.” individuality in Nature, 1856. 

Hugo de Vries. 

"According to the theory of mutation, species have not arisen through 
gradual selection continued for hundreds or thousands of years, but by steps, 
through sudden though small transmutations. In contrast with variations, 
which are changes advancing in a linear direction, the transformations to be 
called mutations diverge in new directions. They take place, then, so far as 
experience goes, without definite direction, i. e., in various directions.” Die 
Mutationstheorie, vol. I, p. 150. 
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PLANT MORPHOLOGY 

BY FREDERICK ORPEN BOWER 

[Frederick Orpen Bower, Regius Professor of Botany. University of Glasgow, 
Scotland, b. November 4,1855, Ripon, Yorkshire. Sc. D. Cambridge. England. 
Assistant to Professor of Botany. University College, London. 18/11-82 • Lec¬ 
turer on Botany, Royal College of Science, South Kensington. *882-85; Fellow, 
Roval Society of London; Fellow, Royal Society of Edinburgh; Fellow, Lin- 
liean Society of London; Corresponding Member of Deutsche Botanische 
Gcsellschaft.j 

Those who organized these congresses left to the guests whom 
they honored with their invitation a high degree of freedom in the 
handling of their subject. In the exercise of that freedom, which 
I gratefully acknowledge, I have decided not to attempt any general 
dissertation on the present position of plant morphology as a whole, 
but to discuss certain topics only in the morphology of plants, which 
at present take a prominent place in that branch of the science of 
botany. These centre round the question of the relation of the axis 
to the leaf in vascular plants. 

The progress of plant morphology has shown certain well-marked 
phases in its history, and we stand at the moment on the threshold 
of a new one. First came the mere description and delineation of 
the mature form, with special reference to the higher flowering 
plants. This period included the work of the herbalists, and early 
systematists, and led to classification as its chief end: but it was 
enlivened by occasional generalizations, such as that of Wolff, who 
regarded all appendages of the axis as leaves. It was deeply in¬ 
fluenced later by the poetic gloss cast over it by Goethe, in his ideal¬ 
istic doctrine of metamorphosis. But this, and the development 
of the spiral theory, led the stream of botanical thought temporarily 
away from fact into a region of surmisings. 

From these it was strongly recalled by the initiation of the second 
phase, about the middle of the last century, the basis of which was 
the dictum, formulated by Schleiden, that “the history of develop- 
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ment is the foundation for all special botanical morphology.” The 
study of development thus introduced for the individual part was 
soon extended to the whole life-cycle, and especially among the 
lower forms, which had been so long neglected. The year 1848 should 
be marked with a white stone in the chronology of every morpholo¬ 
gist, for in that year the essential outline of the life-history of a fern 
was completed by Suminsky. Hofmeister followed in quick succession 
with the enunciation of the fundamental homologies in fern and 
moss; and thus was laid, though upon a purely comparative basis, the 
foundation of a scientific morphology for vascular plants. But the 
comparisons were still formal, and might have been applied equally 
well to dead as to living things. The inspiration of the breath of 
life came with the theory of evolution: the facts then first “lived, 
and stood upon their feet.” It is, however, remarkable how slowly 
the change of view brought by the theory of evolution permeated 
morphology. Sound though Hofmeister’s conclusions were on the 
comparison of either generation as a whole, the same could not be 
said of the comparison of the parts. It took almost a generation 
after the publication of the Origin 0 / Species for botanists to achieve 
any practical appreciation of evolution as a factor in the morphology 
of the appendages. The position up to 1874 is well reflected in the 
text-book of Sachs. Though he himself points out the limitations 
necessary to such a method, Sachs proceeds in the morphological 
section of his book on the footing that in vascular cryptogams 
and phanerogams “every organ is either a stem, or a leaf, or a root, 
or hair.” Sporangia are held to be the results of metamorphosis of 
vegetative parts. The conception of homology which underlies 
such a grouping is dictated rather by convenience of definition and 
of classification than by any deeply lying aspiration after his¬ 
torical truth. An important step towards placing the morphology 
of the appendages upon a sounder footing was taken by Goebel in 
1881 , when he asserted the independence of the sporangium, as an 
organ sui generis, and not a result of metamorphosis of any vegeta¬ 
tive part. This was upheld by Sachs in the following year, in his 
Vorlesungcn. 

Another feature, and perhaps the most important, of the Vor- 
Icsungcn, was that in them Sachs for the first time gave due weight 
to the physiological aspect of morphology, and thus harmonized 
those two branches of study which had too long been kept asunder. 
The increasing attention thus given to physiology, and to the effects 
of external influences, has naturally led to the initiation of a third 
phase in the history of morphology: I mean the phase of experiment, 
with a view to ascertaining the effect of external agencies in deter¬ 
mining form: that phase is still nascent, and carries with it high 
possibilities. But it is well in the enthusiasm of the moment to keep 
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in view the limitations which hedge it round: it is to be remembered 
that the effect of external conditions upon form is always subject 
to hereditary control, and that thus the whole field of past history 
is still left open to speculation. This seems to have been forgotten 
by a recent writer, who remarks that “the future lies with experi¬ 
mental morphology, not with speculative morphology, which is 
already more than full-blown.’ 1 Though this assertion contains an 
important truth, inasmuch as it accords prominence to experiment, 
the case is in my opinion overstated. All who follow the development 
of morphological science will value the results already obtained 
from the application of experiment to the problems of plant-form. 
But it is necessary at the same time to recognize that the two phases 
of study, the experimental and the speculative, are not antithetic 
to one another, but mutually dependent: the one can never super¬ 
sede the other. The full problem of morphology is not merely to see 
how plants behave to external circumstances now, — and this is all 
that experimental morphology can ever tell us, — but to explain, 
in the light of their behavior now, how in the past they came to be 
such as we now see them. To this end the experimental morphology 
of to-day will serve as a guide, and as a check to the speculative 
branch, limiting its exuberances within the lines of physiological 
probability: but experiment can never replace speculation, for 
experiment cannot reconstruct history. It is impossible to rearrange 
for purposes of experiment all the conditions, such as light, moisture, 
temperature, and seasonal change, on the exact footing of an earlier 
evolutionary period: and even if this were done, are we sure that 
the subjects of experiment themselves are really the same? 'I here 
remain the factors of hereditary character, and of competition, 
which cannot possibly be put back to the exact position in which they 
once were. There must always remain a margin of uncertainty 
whether a reaction observed under experiment to-day would be the 
exact reaction of a past age. So far, then, from experiment compct mg 
with or superseding speculation in morphology, it can only act as a 
potent stimulus to fresh speculation, wherever the attempt is made 
to elucidate the problem of descent. It will only be those who 
minimize the conservative influence of heredity, or, it may be, 
relegate questions of descent to the background of their minds 
who will be satisfied by the exercise of an experimental method of 
morphological inquiry, apart from speculation. 

It has already been remarked that, notwithstanding the sound¬ 
ness of Hofmeister’s comparison for the alternating generations as a 
whole, the homologies of the parts remained unsatisfactory : the chief 
reason for this was that the grouping was not derived from com¬ 
parison of nearly allied species; nor does it seem to have been held as 
important to consider critically whether such parts as were grouped 
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together were or were not comparable as regards their descent. For 
long years after the publication of the Origin of Species homology had 
no evolutionary significance in the practice of plant morphology. 
But in the sister science of zoology this matter was taken up by Ray 
Lankesterin 1870, in his paper “On the Use of the Term Homology 
in Modern Zoology, and the Distinction between Homogenetic and 
Homoplastic Agreements.” Many botanists at the present day 
would be the better for a careful study of that essay. He pointed 
out that the term homology as then used by zoologists belonged to 
the Platonic school, and involved reference to an ideal type. This 
meaning lay at the back of Goethe’s theory of metamorphosis in 
plants, and it seems to have been somewhat in the same sense that 
homologies were traced by Hofmeister. Lankester showed that the 
zoologists’ use of the term “homologous” included various things: 
he suggested the introduction of a new word to define strict homology 
by descent: structures which are genetically related in so far as 
they have a single representative in a common ancestor, he styled 
“homogenous;” those which correspond in form, but are not genet¬ 
ically related, he termed “homoplastic.” 

It is important at once to recognize that the strict “homogenv” 
defined by Lankester as that of “structures which are genetically 
related in so far as they have a single representative in a common 
ancestor” can only be traced in the simpler cases of plant-form: it 
implies the repetition of individual parts, so strictly comparable in 
number and position as to stamp the individual identity of those 
parts in the successive generations. The right hand of a child repeats 
in position and qualities the right hand of the mother, and of the race 
at large: here is a strict homogeny. In the plant-body such in¬ 
dividual identity of parts of successive generations is not common. 
It may be traced, for instance, in the cotyledons, and the first plumu- 
lar leaves of seedlings of nearly related species, or in their first roots. 
But as a consequence of that continued embryology, which is so 
constant a feature in the plant-body, the number of the appendages 
of any individual is liable to be indefinitely increased, while often 
the absence of strict rule in their relative positions makes their 
identical comparison in different individuals impossible. This is 
especially clear in the case of roots of the second, and higher orders, 
for they do not correspond in exact number or position in seedlings. 
What we recognize in such cases is. then, not the individual identity: 
but their similarity in other respects: and when we group them 
under the same head we recognize, not their strict homogenv accord¬ 
ing to the definition of Lankester, but their essential correspondence, 
as based upon the similarity of their structure, and of their mode of 
origin upon and attachment to the part which bears them. This is 
also the case with the antheridia and archegonia of the pteridophytes, 
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which are as a rule definite neither in number nor in arrangement, 
and are subject to variation in both respects, according to the con¬ 
ditions which may be imposed upon them by experiment: neverthe¬ 
less, they accurately maintain their structural characters, and their 
essential correspondence is thus established, but not their individ¬ 
ual identity. It is clear that this is a comparison of a more lax order 
than the recognition of their individual homogeny would be. 

But if room for doubt of the strictest homogeny be found in simple 
cases such as these, what are we to expect from the comparisons of 
less strictly similar parts of the plant, such as cotyledons, scale- 
leaves, foliage-leaves, bracts, sepals, petals, stamens, carpels? How 
far are these to be held to be homogenous, or in some less strict 
sense homologous? Or, going still further, how are we to regard those 
comparisons which deal with parts of different individuals, species, 
genera, orders, or classes? What degree of homology is to be ac¬ 
corded to them? In proportion as the systematic remoteness of 
the plants compared increases, and the continuity of the connecting 
forms is less complete, so the comparisons become more and more 
doubtful, and the use of the term “homology’’ as applied to them 
more and more lax, until we are finally landed in the region where 
comparison is little better than surmise. It becomes ultimately a 
question how far the term “homology’ 1 is to be held as covering 
these more lax comparisons, which are certainly not examples of 
“ homogeny ” in Lankester’s sense, and are only doubtfully correlated 
together on a basis of comparison of more or less allied forms. 

The progress of our science should be leading towards a refinement 
of the use of the term “homology:” an approach must be made, 
however distant it may yet be, to a classification of parts on a basis 
of descent. But though this may be readily accepted in theory, it 
is still far from being adopted in the general practice of plant 
morphology. None the less, comparison is inevitably leading to the 
disintegration, on a basis of descent, of the old-accepted categories 
of parts: of these the most prominent, and at the same time the most 
debatable, is the category of leaves, and they will lend themselves 
best to the illustration of the matter in hand. 

To those who, like myself, hold the view that the two alternating 
generations of the Archegoniatce have had a distinct phylogenetic 
history, it will be clear that their parts cannot be truly comparable 
by descent. The leaf of the vascular plant, accordingly, will not be 
the correlative of the leaf of a moss. Even those who regard the 
sporophyte as an unsexed gametophyte will still have to show, on a 
basis of comparison and development, that the leaves of the two 
generations are of common descent. I am not aware that this has 
yet been done by them. 

But the phylogenetic distinctness of the leaves in the sporophyte 
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and gametophyte is not the only example of parallel foliar develop¬ 
ment; Goebel has shown with much cogency that the foliar append¬ 
ages of the bryophytes are not all comparable as regards their 
origin: he remarks, “It is characteristic that the leaf-formation in 
the Liverworts has arisen independently in quite a number of series ” 
(i Organographie , p. 261), and has shown that they must have been 
produced in different ways. Here, then, is polyphyleticism in high 
degree, seen in the origin of those parts of the gametophyte which 
on grounds of descent we have already separated from the foliar 
appendages of the sporophyte. 

Such results as these for the gametophyte lead us to inquire into 
the views current as to the origin of foliar differentiation in vas¬ 
cular plants. In discussing such questions it is to be remembered 
that in different stocks the foliar condition of the sporophyte as we 
see it may have been achieved in different ways, just as investigators 
have found reason to believe that it was in the gametophyte. We 
have no right to assume that the leaf was formed once for all in the 
descent of the sporophyte. But at the moment we are unprovided 
with any definite proof how it occurred. All the evidence on the 
point is necessarily indirect, since no intermediate types are known 
between foliar and non-foliar sporophytes. Physiological experi¬ 
ment has as yet nothing to say on the subject. The fossil history 
of the origin of the foliar state in the neutral generation is lost, for 
the foliar character antedated the earliest known fossil-sporophytes. 
There remain the facts of development of the individual, and com¬ 
parison, while anatomical detail may have some bearing also on 
the question: but all of these, as indirect lines of evidence, fall short 
of demonstration, and accordingly it is impossible to come at pre¬ 
sent to any decision on the point. For the purposes of this discussion, 
however, we shall proceed on the supposition that all leaves of the 
sporophyte generation originated in essentially the same way, 
though not necessarily along the same phyletic line. 

There are at least three alternatives possible for the origin of the 
foliar differentiation of the shoot, in any progressive line of evolu¬ 
tion of vascular sporophytes: (1) that the prototype of the leaf 
was of prior existence, the axis being a part which gradually 
asserted itself as a basis for the insertion of these appendages: the 
leaf in such a case would be from the first the predominant part in the 
construction of the shoot; (2) that the axis and leaf arc the result 
of differentiation of an indifferent branch-system, of which the 
limbs were originally all alike; in this case neither leaf nor axis 
would predominate from the first; (3) that the axis preexisted, and 
the foliar appendages arose as outgrowths upon it: in this case the 
nx Z VV0 ' !ld be from tl,e first thc predominant part. 

The first of the above alternatives, viz., that the prototype of the 
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leaf existed from the first, and was in fact the predominant part in 
the initial composition of the shoot, has been held by certain writers 
as the basis of origin of the leafy shoot in vascular plants. 1 On this 
view not only is the whole shoot regarded as being mainly composed 
of leaves, but some even contend that the axis has no real existence 
as a part distinct from the leaf-bases. 1 The way in which this is 
pictured as having come about is by branching of a sporogonium of a 
bryophyte: the sporogonial head of one limb of such a branching 
became vegetative as the first leaf, while the other continued its 
growth, and branched again: thus the apex of the first lateral 
appendage was of the nature of a sporogonial head: this condition 
has been compared with that seen in the embryo of a fern, or of 
some monocotyledons. 3 

This view in its general form represented the plant as constructed 
on a plan somewhat similar to that of a complex zoophyte. It has 
more recently culminated in the writings of Celakovsky and Delpino. 
The former in his theory of shoot-segments (Sprossglicdlchre) starts 
from the position that the plant is composed of morphological 
individuals: the cell, the shoot, and the plant-stock are recognized 
as such. The stock is composed of shoots, and the shoot of cells. Braun 
recognized the shoot as the individual par excellence: between the cell 
and the shoot is a great gulf, which has not yet been filled: “ between 
the cell and the bud (shoot) there must be intermediate steps the 
limitation of which no one has succeeded in defining:" the long- 
sought-for individual middle step is the shoot-segment (S press- 
glied), which is neither leaf only, nor stem-segment only, but the 
leaf together with its stem-segment. Now this appears to me to )e 
purely Platonic morphology: the intermediate step must occur; 
we will therefore discover and define it. The definition of it con¬ 
sists in the drawing of certain transverse and longitudinal line* 

partitioning the shoot, lines which in the sporophyte have no existence 

in nature: the assumed necessity of partitioning the shoot into 
parts of an intermediate category between the whole shoot and the 
cell brings these assumed limits into existence. 

In support of his theory of shoot-segmentation, Celakovsky (he cU. 
p. 101) adduced evidence from the development of the ombrjos 
of certain monocotyledons; from certain inflorescences; rom lie 
origin of the leafy moss stem on the protoncma; and from.the 
actual existence of the leaf-forming segments in mosses and pterido- 
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phytes. But objection may be taken to all these lines of evidence. 
We should hardly look to either the embryos of seed-plants nor to 
their inflorescences for safe guidance as to the origin of the funda¬ 
mental characters of shoot-construction, for both are probably 
highly specialized forms of shoot. Particularly would this seem to be 
the case in the embryo, which is nursed with a supply of endosperm 
within the seed, a condition far removed from what can possibly 
be conceived as that of a primitive leafy shoot. Moreover, the fact 
that certain monocotyledon embryos conform externally to such a 
theoretical description as is given is not sufficiently cogent in the 
absence of internal limits of demarkation of the constituent shoot- 
segments. 

The details of comparison of the moss-plant and protonema are 
quite beside our question, which relates to vascular plants: how¬ 
ever interesting the analogies may be between the alternating gen¬ 
erations, they cannot rank as evidence in such a question as this: 
for it is quite conceivable that a perfect system of shoot-segmenta¬ 
tion might rule in the one generation, while the leafy development 
in the other, having originated by a distinct evolutionary sequence, 
might show a quite distinct relation of leaf to axis. 

The last line of evidence is from segmentation at the apex of the 
shoot in pteridophytes: if one cell-segment regularly produced one 
leaf-bearing shoot-segment, this might be held to be valid evidence 
of Celakovsky's view. But this argument does not apply consistently, 
as indeed Celakovsky himself admits. It is true that a leaf may be 
produced from each apical segment in some ferns: but in dorsi- 
vcntral ferns, and hydropterids, leaves are not produced from the 
ventral rows (Klein, Bot. Zeit., 1884). In Azolla and Salvinia leafless 
internodes intervene between successive nodes: thus there is no 
constant relation in ferns between apical segmentation and leaf- 
production. Treub’s investigations resulted in his statement that 
" there cfl nnot be any constant relation between the leaves and the 
segments of the apical cells in SclagineUa Martcnsii Lastly, in 
Equisetum, notwithstanding the regular segmentation of the tetra¬ 
hedral apical cell, the leaves show no regular relation to the segments 
in number or position, varying in number from three to about forty. 
Thus the argument from apical segmentation even in pteridophytes 
does not give consistent support to a theory of shoot-segmentation, 
while such evidence is entirely wanting in the vast majority of 
phanerogamic plants. Notwithstanding the ingenuity of the theory 
as put forward by Celakovsky, in the absence of any structural indi¬ 
cation of the limits of the shoot-segments in the vast majority of 

thTfacts thCOry d ° eS n ° fc apP<?ar t0 me t0 be efficiently upheld by 

An extreme, and indeed, a paradoxical position has been taken 
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upon this phytonic question by Delpino. As a consequence of his 
studies on phyllotaxis he concluded that the axis is simply composed • 
of the fusion of the leaf-bases: that the leaves are not appendicular 
organs, but central organs: that an axis or stem-system does not 
exist, and accordingly that the higher plants are not cormophytes 
at all, but phyllophytes. There will, I think, be few who will adopt 
this fantastic view of the shoot. 

The second view, that the axis and leaf are the result of differentia¬ 
tion of an indifferent branch-system, of which the limbs were origi¬ 
nally all alike, has lately been brought into prominence by Potonid. 1 
Taking his initiative from the branching of the leaves in early fossil 
ferns, he recognizes the frequent occurrence of overtopping ( Ucber - 
gipfeluiig), that is, the gradual process of assertion of certain limbs 
of a branch-system over others: in the branching of fucoids he 
finds an analogy for his observations on fern-leaves, and draws the 
following conclusion: that “the leaves of the higher plants have 
been derived in the course of generations from parts of an Algal 
thallus like that of Fucus, or at least from Alga-like plants, by means 
of the overtopping of dichotomous branches, and the development 
as leaves of the branches, which thus became lateral.” Dr. Hallier, 
who adopts Potonid’s position, prefers to draw the comparison with 
liverworts, which show a similar sympodial development of a dicho¬ 
tomous branch-system. 2 

It seems not improbable that the condition of many branched 
fern-leaves may have been derived through a process of “over¬ 
topping” in an indifferent branch-system of the leaf itself. Hut it 
lies with Potonid to show, on a basis of comparison of forms more 
nearly related to them than the fucoids, that the relation of axis 
to leaf in the ferns was so derived: and further, that such an origin 
is in any way applicable to other foliar developments in vascular 
plapts, especially pteridophytes, such as the lycopods, equiseta, and 
sphenophylls. I am not aware that this has yet been done. Hut 
granting that this can be done, the question still remains whether 
similarity of method of branching is any criterion of comparison as 
to descent? And especially whether such comparison is valid be¬ 
tween widely distinct groups, or between the different generations 
of an antithetic alternation? It is true that Potonid prefers to regard 
such generations as homologous, as is indeed essential for his view: 
but that does not prevent others from differing from him, or even 
considering the fact that the parts compared belong to different 
generations as fatal to his theory. For my own part 1 am not prepared 
to give up the broad conclusions as to antithetic alternation on so 
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slender a ground as similarity of method of branching represented in 
. them both. 

Forsympodial development of a dichotomous system (and this is all 
that such ‘'overtopping” actually is) has occurred in cases where it 
cannot be held to have resulted in a branching which is foliar: and 
of this instances can be found without going so far afield as the 
Fucacece. It has been shown by Bruchmann 1 that the first branch¬ 
ing of Selaginella spinulosa is dichotomous, and that this is probably 
so for all species of the genus. This mode of branching may be re¬ 
peated, but the later branches may lead by most gradual transitions 
to the monopodial type. Yet no one would hold that the shoots thus 
laterally placed are consequently foliar in their nature. Again, 
in Lycopodium the branches of successive dichotomies often develop 
unequally: a conspicuous example is seen in L. unilateral, R. Br., 
where one limb develops as a strobilus, and is pushed to one side 
by its stronger vegetative brother. A similar unequal development of 
dichotomous branches probably leads to such dendroid forms as 
L. cernuum. Progressions from the dichotomous to the monopodial 
branching are also to be seen in the case of the roots of Selaginella. 
Such examples show that in pteridophytes progressions are found 


from the regular dichotomous branching to its sympodial, or even 
its monopodial development, in cases where it is impossible to rank 
as leaves those parts which are forced to assume the lateral position. 
This shows that such progressions are a widespread phenomenon, 
occurring in parts of various category. If this be so, then little value 
need be attached to the comparison of such branchings in plants 
not nearly allied to one another; these may be held to be quite 
distinct examples of a general phenomenon, without the one being 
in any sense the prototype of the other. Such reflections as these 
indicate that thecomparison in mode of branching between the leaves 
of ferns and the thallus of fucoids, which forms the groundwork of 
the view of Potonid (or between ferns and the thalloid liverworts, as 
may be preferred by others), are not to be held as more than distant 
analogies; consequently they are no demonstration of the origin of 
the leaf by a process of “overtopping.” 

There remains the third view, which, however, is no new one: for 
there have not been wanting those who have assigned a more prom¬ 
inent place to the axis in the initial differentiation of the shoot. 
1 erhaps the most explicit statement on this point is that bv Alex¬ 
ander Braun, who remarks in his Rejuvenescence in Nature (Eng. 

?!'■ ,0/) ’ :f e T S t0 phyt ° nic thcories - ,hat "all these attempts 
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depends upon the leaf-formation, but the first formation of which 
precedes that of the leaves.” Unger also in his botanical letters to 
a friend (no. viii), described how “The first endeavor is directed 
towards the building up with cell-elements of an axis;” “those 
variously formed supplementary organs which are termed leaves” 
originate laterally upon it; and he concludes that “we may therefore 
say with perfect justice that the plant... is, as regards form, essen¬ 
tially a system of axes.” Naegeli contemplated a somewhat similar 
origin of the leafy shoot, as an alternative possibility'; in fact, that 
the apex of a sporogonium-like body elongated directly into that of 
the leafy stem: in which case the axis would be the persistent and 
prominent part, and the leaves be from the first subsidiary and 
lateral appendages. In my theory of the strobilus in archegoniate 
plants the central idea was similar to this; it may be briefly stated 
thus: There seems good reason to hold that a body of radial con¬ 
struction, having distinction of apex and base and localized apical 
growth as its leading characters, existed prior to the development 
of lateral appendages in the sporophyte: for such a body is seen in 
certain bryophyte sporogonia, while the prior existence of the axis, 
and lateral origin of the appendages upon it, is general for normal 
leafy shoots. The view thus put forward is indeed the mere reading 
of the story of the evolution of leaves in terms of their normal indi¬ 
vidual development. I have recently shown that all pteridophyte 
shoots may be regarded as derivatives from the radial strobiloid 
type, with relatively small leaves, which would thus have come into 
existence. 

It is natural to look to the pteridophytes for guidance as to the 
origin of foliar development in the sporophyte, for they are the 
most primitive plants with leafy sporophytes. They may be dis¬ 
posed according to the prevalent size of their leaves in a series, lead¬ 
ing from microphyllous to megaphyllous types. I have lately shown 
that such a seriation is not according to one feature only, but that 
certain other characters which have been summarized as “filicincous ” 
tend to follow with the increasing prominence of the leaf: this 
indicates that such seriation is a natural arrangement. Now it is 
possible to hold either that the large-leaved, fern-like plants were 
the more primitive, and the smaller-leaved derivatives from them 
by reduction; or conversely, that the smaller-leaved were the more 
primitive, and the larger-leaved derivatives from them by leaf- 
enlargement: other alternative opinions are also possible, such as 
that the leaf-origin has been divergent from some middle type, or 
that the leaves of vascular plants may have been of polyphyletic 
origin. 1 For the moment we shall leave these latter alternatives aside. 


, ' The view recently advanced by Professor Lignier (Equifftales, et Sphenophyl- 
lale8, Leur origine filicinienne commune. Bull. Soc. Lmn.de Normandie, Sene 5. vol. 
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Much of the difference of view as to foliar origin centres round 
the question whether originally the leaf was relatively large, or small. 
Those who hold that the larger-leaved forms were the more primitive 
will be naturally disposed towards the view of the original preponder¬ 
ance of the leaf over the axis, and will favor some phytonic theory; 
those who hold the smaller-leaved forms to be the more primitive 
will probably adopt a strobiloid theory of origin of the leafy sporo- 
phyte. I propose to offer some remarks on the relative probability 
of these alternative views. 

If large-leaved prototypes be assumed generally for vascular plants, 
this naturally involves a widespread reduction, since small-leaved 
forms are numerous now, and have been from the earliest times of 
which we have any record. Reduction is a ready weapon in the 
hands of the speculative morphologist, and it has often been used 
with more freedom than discretion. But reduction should never be 
assumed in order to meet the demands of convenience of comparison, 
nor as a cover for doubt. The justification of a view involving re¬ 
duction must be found in its physiological probability in the case 
in question, and this should be backed by comparisons of form, and 
of anatomical structure: the conclusion should also be in accordance 
with the paleontological record. All suggested cases of reduction 
where such justification is absent should be looked upon as doubtful. 

Convincing evidence of reduction of leaf-complexity in an evolution¬ 
ary sequence, supported on all these grounds, has been adduced in 
the progression from ferns, through cycado-filicinean forms, to the 
cycads, and it applies with special force in the case of their sporo- 
phylls. Ferns, which are essentially shade-loving and typically zoidi- 
ogamic, or amphibious, may be understood to have given rise to 
the cycado-filices and cycads, which are more xerophytic, and show 
that essential character of land-plants, — the seed-habit. Not only 
is such a progression physiologically probable, but it is supported 
by paleontological evidence, as well as by detailed facts of anatomy, 
and of reproductive morphology. The case for reduction of leaf- 
complexity seems to be here fully made out: and somewhat similar 
arguments will also apply for other types of gymnosperms. 


detail. 


7. Caen 1903) is analogous to that of Potonte, though differing from it in de 
It involves the ranking of the lycopod leaf as a “ phvlloid,” the leaf of the fern as a 
true leaf, or “phvllorae,” differentiated from an indifferent svstem of “cauloids,” 
on which the phvlloid” appendages had become abortive. It regards the leaves 
of equiseta and sphcnophylls as phyllomes, reduced from the larger-leaved fern- 
type. The argument is chiefly based on comparisons as to branching and anatom- 
ical structure. I do not think that these grounds suffice to override the probability 
that the leaves of lycopods are essentially of the same nature as those of the sphe- 
nophylls, or equiseta. (Compare my Studies, no. v.) Professor Lignier’s view 
Z^L in )°}r S u the acce P tan « Of homologous alternation, while he makes no 

do°nof 0 ^ri<fe^f l tlw!Y 0mOSOI f 1 ^~i^ l ^ e vf nCCS i 0 ^^ C l J° S e . nerations - Such difficulties 

° f t ie sphcnophylls and equiseta are regarded as being 
P ,*, d rft ther than the downward scale of development, a view of them 
which would equally harmonize with the anatomical comparisons of IW.Lif£ 
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The facts relating to the vascular system of the shoot have also 
their bearing on the question of the relative size of prinutive leaves. 
The origin of the leaf-trace from the axial stele in conifers, and also 
in angiosperms, has been shown by Dr. Jeffrey to be of the type 
styled by him phyllosiphonic. This is specially characteristic of those 
plants where the leaf is essentially the dominating influence in the 
shoot In this I see a probability, which their physiological position 
as land-growing plants would justify, that the seed-bearing plants 
at large were descended from a large-leaved ancestry, and had under¬ 
gone reduction of leaf-complexity in their descent. But while «e thus 
recognize a probability of widespread reduction producing relatively 
smaller-leaved forms, it does not follow that all small-leaved vas¬ 
cular plants originated thus: on this point the anatomical evidence 
is of importance, as bearing on the origin °f the smafl-leaved stro- 
biloid pteridophytes. Of these (putting aside the hydiopter ds as 
being a special reduction-problem in themselves) there remain the 
lvcopodialcs, the equisetales, and the sphenophyllales, which are a 
cladosiphonic in the terminology of Dr. Jeffrey: the queshon vv. 
largely turn upon the meaning of this anatomical feature. I take it 
to K be as follows: The cladosiphonic character is the an ^ on “ c 
expression of th'e dominance of the axis in the shoot: here the leaf- 
trace is merely an external appendage on the stele which is a 
disturbed by its insertion: this type is seen in ce rtom small-lea e d 
pteridophytes. The phyllosiphonic character on the other hand s 
the anatomical expression of the dominance of the leaf over ti e ax • 
in the shoot; here the insertion of the vascular supply of he e 
profoundly disturbs the vascular arrangement in the axis 
characteristic of certain large-leaved pteridophytes, and is 

^UUa SSKS- that, in the individual life,the one or 

the other type is usually constant; but in cerU.n ^ ' p bnt 

gression may be traced from the cladosiphonic inthe youg P ant 
to the phyllosiphonic in the mature, thus sugges Lng a ^mdai p - 
gression in descent, viz., that the large-leaved phyHosiphon c ferns 
were derived from a smaller-leaved cladosiphonic stocky > <; 
verse, viz., the progression from the phyllw.phon.cto thedados. 

phonic state in the individual life, I know of no ^'^^ch to it in 

pteridophytes, though it is true that the,re is soine PP^ 

the Marsileacca. Thus the anatomical ev idence in l» I 

ity that, even in large-leaved ferns, the cladosiphonic v;as U,e pr, 

itive type, but that the phyllosiphonic. once .n.Uated is *. » >rule 

maintained; this is shown by its persistence in ic s p 

where the leaf has been reduced in size. .. 

Having thus gained a valuable side-light from anatomy vve ma) 
now return to our central question of the initial relation of leaf to 
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axis. Of the three theories already noted, the theory of overtopping, 
as applied to the origin of the leaf, may in my opinion be dismissed, 
as it is not based upon comparison of nearly related forms, while 
the sympodial development of a dichotomous system, on which it is 
founded, is a general phenomenon of branching, neither restricted 
to leaves, nor to the sporophyte generation. As to the other two, the 
facts, whether of external form or of internal structure, seem to me to 
indicate this conclusion, that the strobiloid condition was primitive 
for certain types, such as the equisetales, lycopodiales, and spheno- 
phyllales, that in them the leaf was from the first a minor appendage 
upon the dominating axis, and anatomically they have never broken 
away from the cladosiphonic structure, which is the internal expres¬ 
sion of their microphyllous, strobiloid state. That the filicales and 
also the ophioglossales were probably derived from a microphyllous 
strobiloid ancestry, and achieved the phyllosiphonic structure as a 
consequence of leaf-enlargement, this being the derivative rather 
than the primitive condition; its derivation is even illustrated in the 
individual life of some ferns. From the filicales the phyllosiphonic 
structure was probably handed on to the seed-plants, and by them 
retained, notwithstanding the subsequent leaf-reduction which 
followed on their adaptation to an exposed land-habitat. Thus a 
strobiloid origin may be attributed to all the main types of vascular 
plants; it seems to me to harmonize more readily with the facts 
than any phytonic theory does. 

A prototype, which was probably a prevalent, though perhaps not 
a general one for the pteridophytes, may then be sketched as an 
upright, radial, strobiloid structure, consisting of a predominant 
axis, bearing relatively small and simple appendages. On our theory 
the origin of those appendages in descent would be the same as it 
is to-day in the individual development: viz., by the outgrowth of 
regions of the superficial tissue of the axis to form them: the axis 
would preexist in descent, as it actually does in the normal, develop¬ 
ing shoot. The origin of these appendages may have occurred inde¬ 
pendently along divers lines of descent, and the appendages would 
in that c ase be not homogenous in the strict sense. Thus there would 
be no common prototype of the leaf, no morphological abstraction, 
or aichetvpic form of that part. More than one category of append¬ 
ages might even be produced on the same individual shoot, differing 
in their function on their first appearance: such has perhaps been 
the case in the calamarian strobilus, where the leaf-tooth cannot 
be re', idy homologized with the sporangiophore. These suggestions 
w.l. office to indicate how elastic a strobiloid theory is, and how 
: • .‘i'p'ication will cover various types of construction, and even 
as are shown by the most complex cones of pteridophytes. 

I tom the comparison of living species there is good reason for 
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thinking that all the primitive leaves in certain types, such as the 
lycopods, were sporophylls, and that a subsequent differentiation 
took place, by abortion of the sporangia: thus a sterile vegetative 
region became defined from a fertile upper region. It may be a 
question whether this origin by sterilization of sporophylls is appli¬ 
cable to foliage leaves at large: nevertheless analogy, not only with 
other vascular plants, but also with the bryophytes, suggests that 
a similar differentiation of a sterile from a fertile region has been a 
general phenomenon in the neutral generation. At first in the simpler 
pteridophytes these regions were essentially similar to one another 
in form, as is still seen to be the case in some lycopods. Later, 
however, the sterile and fertile regions took divergent lines of de¬ 
velopment in accordance with their difference of function. The 
differentiation reaches its climax in the higher flowering plants. 
The inflorescence, or flower, on this view, though produced later than 
the vegetative region in the individual life, embodies the more 
primitive parts, viz., those which bear the sporangia and spores; 
the vegetative region is in its origin mostly, if not wholly, secondary. 
The physiological reasonableness of this view is too obvious to need 
insistence. As the self-nutritive powers of the gametophyte fell off 
in the adaptation to the land-habit, the nutritive function was taken 
up by the new vegetative system thus intercalated between sexual 
fusion and spore-production. 

This is in brief outline the strobiloid theory of the shoot in vas¬ 
cular plants, as arising out of the facts of antithetic alternation. 
It will be seen that it is essentially in harmony with the view of 
Braun, upheld also by Sachs, that the shoot is the real morphological 
unit, of which leaf and axis are correlative parts. Those who adopt 
it will find their position simplified in regard to another question 
which has recently taken afresh a prominent place in morphological 
discussions, viz., the theory of cortication ( Berindurvjsthcoric ). It 
is held by Potoni6, and a similar view was also maintained by 
Celakovsky, that the stem has centrally an axial nature, peripherally 
a leaf-nature. The primitive axis ( Urcaulom) acquires in the course 
of generations, by coalescence with the basal parts of its primitive 
leafy appendages (Urblutler) , a mantle, — a “ Pericaulom." This is 
what we commonly designate the cortex, which is thus regarded 
as not being axile in origin, but foliar. In accordance, however, 
with our strobiloid theory, we may presume that, as os seen in some 
of the bryophytes, the simple sporophyte consisted originally of a 
central region, — a primitive stele, — and a peripheral region, a 
primitive cortex. From the latter sprang the appendages, as super¬ 
ficial outgrowths, just as at the present day the leaves originate 
upon the cortex of the axis. The cortex in such cases would be, from 
the first, part of the primitive axis, and the outgrowths processes 
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from it. The primitive cortex from which the appendages sprang 
may remain a continuous, undifferentiated band, as it actually 
does appear in the vast majority of leafy sporophytes; or it may 
in certain cases be more or less clearly marked off into regions sur¬ 
rounding the insertion of the individual leaves. But in the fact that 
these special cases exist I see no sufficient foundation for the view 
that each leaf is, in shoots at large, connected with a definite area of 
extended leaf-base: and still less for the theory that in vascular 
plants the cortex originated from such coalescent leaf-bases. Our 
theory of the strobilus would indeed presuppose that close relation 
of cortex and appendage, and absence of limit between them, which 
is so common a feature in vascular plants: and furthermore, it will 
readily cover the facts where the cortex is delimited into definite 
areas round the leaf-bases: but it does not recognize any necessity 
for generalizing from such cases of special delimitation, that the 
cortex is foliar in its origin, in shoots of vascular plants at large. 
It would be more ready to suggest the converse, viz., that the leaves 
were cortical in their origin, as indeed they are in the ontogeny. 

Discussions such as these on phytonic theory, or theory of corti- 
cation, are liable to develop into mere scholastic contests. They 
originated in the present case in the use of terms in an unprecise 
sense, and the subsequent attempt to attain precision. Both these 
theories have proceeded from the assumption that the “leaf” is 
an abstract entity, distinct from the stem. Difficulties arise when 
the attempt is made to carry out that distinction sharply in pYagtice, 
for this is nothing less than the attempt to define precisely things 
which in point of fact appear neither uniform nor precise in nature. 
The strict definition of terms used in morphological science is doubt¬ 
less in itself a desirable thing; but it must be so conducted as to 
harmonize with the facts of individual development, while at the 
same time it must not violate evolutionary probability. As a matter 
of fact, neither in the mature state, nor in the ontogenetic or phy¬ 
logenetic development of the leaf, does the structure suggest its 
sharp delimitation from the axis as a general feature in the shoots 
of ordinary vascular plants. 


My present position with regard to the phytonic theories and 
the theory of cortication is frankly destructive: for. in the first 
place, if the evidence from the gametophytegeneration be discounted, 
the facts of segmentation in the sporophyte are of the slenderest: 
anther, I do not think that morphological insight will be advanced 
by attempts to define precisely the limits of the parts of the vascu¬ 
lar shoot; it seems more in accordance with nature to accept for 

thTo - P an ' S th * y lew of Braun aml of Sachs, that the shoot is 
the ongmal unit. \\ hat is first urgently required, in order to decide 
such questions, is the correct recognition of the phvletic lines which 



PLANT MORPHOLOGY 


77 


eventuated in the various appendages as we see them. Then may 
follow definitions of the parts, which may or may not succeed in 
assigning their strict limits. When this is accomplished, a termin¬ 
ology may follow, which shall segregate parts which have had a 
separate phyletic origin. Thus an evolutionary morphology of the 
shoot would be built up. But it is useless to accept the thesis merely 
in the abstract, that the basis of morphology must be in phylogeny: 
the principle must also be put in practice, and be ultimately re¬ 
flected in our methods, and in the definitions of our terms. 

A step in this direction will be the recognition that at present 
the word “leaf” is loosely applied: it is, indeed, a temporary make¬ 
shift borrowed from colloquial language, and used in a descriptive 
rather than in a strictly scientific sense. It designates collectively 
objects which have, it is true, formal and functional, and even 
topographical features in common, but have not had the same 
phyletic history. There is every probability that the word “leaf” 
will continue to be used in this merely popular sense. 

This position, with its conservative use of terms fitting awkwardly 
upon advancing phyletic ideas, can only be properly understood by 
glancing back at the history which has produced it. So long as 
species were regarded as the individual results of creative power, 
the complexity and variety of their form was relegated to the arcana 
of the Divine Mind, and organic nature presented the aspect of a 
series of isolated pictures; any similarity which these might show 
was to be regarded as indicative of the underlying divine plan. Now 
that species have been threaded together by evolutionary theory 
into developmental sequences, they, like the ribbon of a cynemeto- 
graph, present phyletic history to the mind with all the vividness of a 
living drama. While monophyletic views held the field, this seemed 
comparatively simple: but the conclusions thus arrived at in plant 
morphology were often palpably improbable. Such difficulties, 
together with the substantiation of examples of parallel develop¬ 
ment on a sound comparative basis, led to the modification of mono¬ 
phyletic views, and opened the way for less cramped conceptions. 
It is now customary to contemplate the plural origin of such leading 
features as sexual differentiation, foliar development, heterospory, 
the seed-habit, as well as a host of minor characters. On such ex¬ 
amples we base a general belief that similar structures may be ar¬ 
rived at by divers evolutionary routes. It is this conception o 
polyphyleticism that we must make clear in our descriptions, if not 

even in our terminology. _ , . , . .. 

It will be objected that to carry through a method of designating 
by the same term only such parts as arc shown to be of common 
descent would produce unwieldy results. Doubtless this is true. 
But in the terminology of a science it is not so much convenience as 


78 PLANT MORPHOLOGY 

truth and clearness which should be the aim. The choice is open 
to us either to make the terminology strictly phyletic throughout, 
which would certainly be cumbrous, though it would reflect the 
true position; or, putting phyletic distinctions in the background, 
to use terms in a more or less comprehensive sense, even grouping 
together things which we know to have been distinct in phyletic 
origin. Such a comprehensive sense is conveyed by the expression 
“homology of organization,” which, as Goebel points out, “has 
only to do with phylogeny in so far as it recognizes a common ca¬ 
pacity for development derivable from undifferentiated ancestors 
(i Organographie , Eng. ed., p. 19). This is indeed a collective 
term for the results of parallel development; it suffers from the 
danger of suggesting some ideal type or pattern towards which 
evolution has tended. 

For my own part I think it matters little what our terminology 
be, or what the separation of categories of parts, provided we attach 
clear meanings to the words we use, and select those words as natu¬ 
rally conveying those meanings. For instance, if we fully realize 
that the word “leaf” is used in a sense which is not phylogenetic, 
but merely descriptive of those lateral appendages on the shoot 
which are produced exogenously, and in acropetal order, then let 
it remain, ranking as an expression of “homology of organization.” 
But the appendages thus included may for clearness be conveniently 
divided into “phyllomes” on the sporophyte, and “phylloids” on 
the gametophyte, as, indeed, I suggested some years ago. Never¬ 
theless, these again are not phyletic unities: they include parts 
with distinct histories, which have already been recognized in the 
gametophyte, while for the sporophyte a more advanced state of 
the science will probably provide definitions. Meanwhile we consent 
to a compromise in grouping these together: but the only condition 
upon which this can be safely done is the clear knowledge that this 
is a compromise by which we secure a certain convenience of de¬ 
scription. Moreover, the acceptance of this compromise must not 
be understood to grant free license to argue from one to another of 
the forms included, as though they were equivalents: what has re¬ 
sulted in one line of descent can at best only throw a side-light on 
what has happened in another distinct line: and in proportion as the 
lines involved in a comparison are more remote from one another, 
their comparison assumes more and more the character of a mere 
analogy. The danger which our compromise brings with it is that 
this will not be clearly kept in mind. At all hazards the strict phy¬ 
letic view should underlie all present morphological discussion, 
notwithstanding that, for mere convenience, that view may not be 
clearly reflected in the classification of the parts. This makes me 
hope that the compromise is only a temporary concession, and that 
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it will give way ultimately to the demands which a more detailed 
knowledge of descent is sure to bring. 

It is well, however, in connection with discussions such as these, 
to impress upon the lay public that all evolutionary theories are, like 
other scientific theories, hypotheses incapable of complete proof. 
No one will appreciate this more fully than biological investigators 
themselves, for they are in the best position to know how insufficient 
the evidence actually is, and how liberal a use has to be made of the 
imagination in bridging over the wide gaps in the series of known 
forms. The details of a story thus constructed depend so largely on 
comparative opinion, and in so slight a degree on positive demon¬ 
stration, that the history as told by competent experts in compara¬ 
tive morphology may vary in material features. A little more weight 
allowed for certain observed details, or a little less for others, will be 
sufficient to disturb the balance of the evidence derived from a wide 
area of fact, and consequently to distort the historical picture. 1 here 
is in truth no finality in discussions on the genesis and progress of 
organic life, or in the kaleidoscopic changes of opinion, since any new 
fact of importance will in some degree affect the weight accorded to 
others, and may vary the general result. It will be objected that 
conclusions which are so plastic are little better than expressions 
of personal taste, that the study of comparative morphology is there¬ 
fore calculated to dishearten its votaries, while the non-specialist 
public, which is compelled to take its information at second hand, 
will be bewildered, and will conclude that it is useless to pursue a 
subject which shows so little stability. But on the other hand, those 
who follow the progress of morphology with sympathetic care urn 
take heart when they compare its present position with that of a 
generation ago; it is encouraging to think that it is little more than 
half a century since the history of the life-cycle of a fern wm «'■* 
completed. In some sixty years a vast array of kindred fac,s “ 
been acquired, and a theoretic structure is being raised upon them, 
which, though still protean, is gradually acquiring some settled form. 
Never has the advance of morphological thought been ™ i » 
than at present. The support of the facts of alternation f,on the 
unexpected quarter of minute cytology has been one of he most 
striking features in the recent history of our science. The discovery 
of spermatozoids in the cycads and Giubjoac, has fiMed m a gap 
in the story of evolution, which all followers of "!"J 

have felt. But in no field of morphological research has .nvest|gat,on 
been more amply rewarded than in pala-ophj o o\. 
facts derived from fossils are shedding fresh light on obscure prob¬ 
lems, such as the origin of the seed-habit, and helping us to locate 
such difficult groups as the Psilotacccr and Equ,scU,ce< r When ce 
regard these rapid advances, and truly estimate the intluence they 
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bring to bear upon morphological theory, we must surely congratu¬ 
late ourselves on being devotees to a science which is very actively 
alive. 

But at the same time the detached cynic may find in the methods 
of plant-morphologists, or still more sometimes in their want of 
method, food for much critical remark. And if he put his finger upon 
one mental process which more than another has introduced discord, 
it would, I think, be “assumption.” It may be that our science is 
not worse than others in this respect, but I am very sure that argu¬ 
ments based upon ill-founded assumption have put back the progress 
of morphology more than anything else in our discussions. Any one 
can find examples for himself in the literature: some of us in our own 
writings. It remains for us who tread the difficult path of morpho¬ 
logical theory to beware lest we neglect those warnings with which 
its course is so plentifully strewn, for it is just as much the duty of a 
scientific man to avoid blurring the issues for others by faulty argu¬ 
ment, as it is to attempt to make clear to them what he himself be¬ 
lieves to have been obscure. 
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A few months ago I was in Jena in order to attend the unveiling 
of the statue there erected to M. Schleiden. Now there is hardly 
any other place which has been of so much significance in the develop¬ 
ment of plant morphology as this small university town. It was there 
that Goethe, the originator of the term “morphology,” busied him¬ 
self with morphological studies, and founded the idealistic system 
which has influenced our thought — often unsuspectcdly — till the 
present day. There Schleiden, in outspoken opposition to the con¬ 
ceptions of the idealistic morphology, gave new life to the theory of 
development founded by Caspar Frederick Wolff in the neighboring 
town of Halle in the middle of the eighteenth century, and so paved 
the way for the brilliant discoveries of William Hofmeister. And 
who does not know what meaning Jena has won as the citadel of 
phylogenetic morphology, first through the work of Haeckel in 
zoology and later through that of Strasburger in botany? In such a 
morphological atmosphere the question forces itself upon us, in what 
relation do the morphological questions of the present stand to those 
of the past? Are they still unchanged in spite of the immense increase 
of empirical material, and have the methods of their solution only 
changed? Or have the problems themselves become different? 

To reply to this question is not easy, and the answer must vary 
with the point of view of the one who makes it. For morphology is 
yet far from being an exact science, the results of which force them¬ 
selves upon us with the compulsion of necessity. This is due to the 
difficulty of the materials, a difficulty which compels us to seek for 
hypotheses and other subjective means of explanation. It thus comes 

1 The views set forth in this lecture are presented at length in the author'd 
Organography of Plants, Jena. 1898-1901, English translation, Oxford i, l.»0U, 
II, 1906. Concerning the historical significance of Goethe. Schleiden, Ilofmeister, 
compare Sachs' History of Botany, translation. Oxford, 1890. 
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about that views not only concerning the goal, of morphology, but 
also as to the way in which this goal is to be reached, are widely 
diverse, and my own views concerning the fundamental problems of 
morphology are certainly far from being approved by all morpholo¬ 
gists. 

We may, indeed, say that, apart from minor differences, there are 
in morphology two main trends of thought which, apparently, at 
least, are opposed to each other, one of which we may denominate 
formal, and the other causal. Causal morphology is that the aim of 
which is to determine the causes, in the widest sense, of form-rela¬ 
tions; this kind of morphology is the youngest, and is far less widely 
diffused than the formal. To us of a later period it may seem like a 
remarkable pleonasm to speak of a “formal morphology.” Mor¬ 
phology is, of course, the doctrine of form, and therefore any mor¬ 
phology appears to be, in the nature of the case, a formal one, and, 
as a matter of fact, has been, in its historical development. But in 
spite of this fact, this definition is historically justified, for it desig¬ 
nates the tendency of morphology which regards form as something 
which stands alone for itself, and takes cognizance neither of the 
functions of organs nor of how they have arisen. This formal morpho¬ 
logy arose at first out of the necessities of taxonomy. 1 There had first 
to be contrived a terminology for the distinction and description of 
single plant forms. From this function morphology soon, however, 
became distinct, thus constituting an independent discipline which, 
on its part, had done taxonomy a more important service than one 
might have at first expected. For while taxonomy, in order to find 
its way amid the maze of plant forms, had to keep in view the differ¬ 
ential characters and the separation of single forms from each other, 
morphology found itself under the necessity of determining what was 
common to the most various forms, and was accordingly directed 
toward more general questions; morphology taught, as Goethe ex¬ 
pressed it, “ Die Glieder der Pflanzen im Zusammenhange zu betrach- 
ten, und so das Ganze in der Anschauung gewissermassen zu be- 
herrschen.” It resulted in the knowledge that, when we regard plants 
singly, manifold as their parts appear, they may yet be referred to 
a few elementary forms, and further, morphological research showed 
that the parallelism between different plant forms could be under¬ 
stood most easily under the assumption which we designate the 
theory of descent. The establishment of the theory of descent was 


the result of the morphological research. This we must here especially 
emphasize, for it shows what significance morphology has gained 
in respect to our general conception of organisms. But the theory 

nnnr! I u'I»m«-!, h ^ trendS r f and taxonomv have of recent years drawn 

review of t hi' ni-*nf L-i'n Eng'cr s 5^6 us of the Families of Plants, the most recent 
nwol rl! P 1 k,I ? Cflon ? a * a whole. For the most part, the results of develop¬ 
mental research remain entirely disregarded in this work r 
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of descent has also reacted upon morphological research, to such an 
extent, indeed, that it has been held that phylogenetic research is 
to be regarded as the sole business of morphology. Thus, for ex¬ 
ample, Scott has said: 

“The object of modern morphological botany is the accurate 
comparison of plants, both living and extinct, with the object of tra¬ 
cing their real relationships with one another, and thus of ultimately 
constructing a genealogical tree of the vegetable kingdom. The prob¬ 
lem is thus a purely historical one, and is perfectly distinct from any 
of the questions with which physiology has to do. ” 1 

This position is certainly justified from the standpoint of the pale¬ 
ontologist. For him, for whom nothing but dead material is at hand, 
there remains nothing else to do than to make known, through careful 
comparative study, the structure and relationships of those organ¬ 
isms whose remains are available. This is a very important business. 
The beautiful results of phytopaleontological research, such as have 
been attained during the last decade in England and France, have 
very materially furthered our knowledge of plant forms, and have 
made to live again before our eyes, in a most surprising manner, and 
in the finest details of their structure, types long since vanished from 
the surface of the earth. 

But does this limitation of morphology to the comparative phylo¬ 
genetic method which is imposed upon the paleontologist exist also 
for the morphological study of living plants? 

There are many of the opinion of Scott; and. indeed, a special 
“ phylogenetic method," which is said to be a characteristic of modern 
morphology, has even been talked of.* 

Were this the case, then the only difference between the morpho¬ 
logy of the present and the earlier, idealistic morphology would consist 
in this, that in the place of the general ideas with which this operates, 
as, e. g. t “ type ” “ plan of organization," etc., there would be found 
phylogenetic conceptions. Such general abstractions arc, however. 


» Address to the botanical section. British Association for the Advancement of 

Sci . en c.. p. 

vhylogenelisrher Methodcn fur die trforschung lelxndcr Hewn. .hnn. , 


rightly maintained that the theory v. ire f ir 

Of Williamson. Scott, Oliver, Renault and others. We found, i *thnttho 
derive a group of living plants from the c 

. ' iji..,,,/vcforv but from what 
format'remains a^Vhistoe^U^Cnk^-n. Concerning fossil plants see the 
work of Scott. Studies in Fossil Boiany. 
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even now difficult to escape, since we can set forth real descent-series 
only in the fewest instances, and, accordingly, we cannot actually 
point out the stem-forms. Yet Darwin himself said: 

“ We have seen that the members of the same class, independently 
of their habits of life, resemble each other in the general plan of their 
organization. This resemblance is often expressed by the term ‘ unity 
of type;’ or by saying that the several parts and organs in the differ¬ 
ent species of the class are homologous. The whole subject is included 
under the general term of Morphology. This is one of the most inter¬ 
esting departments of natural history, and may almost be said to be 
its very soul.” 1 

The significance of formal morphology cannot be more forcibly 
expressed than it was by Darwin. And yet we see that, in Germany 
at least, interest in morphological problems'has greatly decreased. 
Morphological treatises have become relatively less numerous; 
morphological books, even such excellent ones as, e. g. t Eichler’s 
Bliithcn-dingramme, do not pass through a second edition, while 
anatomical and physiological works appear repeatedly in new edi¬ 
tions; evidently meeting the demands of the botanical public more 
fully than morphological works.* This may be referred to reasons 
which lie partly without and partly within morphology itself; both 
turn out to be true. Histology, cytology, and experimental physiology 
have developed remarkably; new methods in this field promise new 
results; particular lines of work, however, such as descriptive 
anatomy, are especially favored because the perfection of the methods 
of research have quite materially lightened the task of working 
through a vast array of materials, especially for those to whom the 
other fields of botanical study are more or less unfamiliar. 

But the reasons for the phenomena which lie within the field of 
morphology are also clear. Some parts of morphology are well worked 
out. as, c. < 7 ., the doctrine of the more obvious form-relations of plants; 
and the homologies, at least in the large, are determined, although 
in the matter of detail much remains vague, and offers a wide field 
for exhaustive studies in development. More and more, however, 
these studies bear the stamp of repetition and complement, from 
which the stimulus of newness is wanting, or they are carried on 
upon materials which are very difficult to obtain. The constructions 
of t he idealistic morphology, however, often proved to be untenable. 

But the first experiments towards a causal morphology brought 
disillusion. For only a short time lived the hope of being able to 


1 Oriyin of Specie*. 11 . 142. 

* As F.ichler wrote me shortly before his death, he would have been glad to pub¬ 
lish n second edition of his work in order to bring to light the numerous thitherto 
-T '* ] r ^vat.ons of Al. Braun The publishers demurred, however, on the 
E Ji« • if remained unsold a large numlier of copies of the first edi- 
tion Sine;* then the book has. it seems, gone out of print. Nor to mv knowledge 
hoi> an > ot, "‘ r morphological work passed through a second edition. ' 5 
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answer, e. g., the question as to the arrangement of leaves through 
the effect of mechanical factors, or to refer the form-relations of a 
plant to the direct influences of gravity and light on the plant. It 
soon became evident, however, that such involved problems are not 
to be unraveled by such simple means, and this may well have re¬ 
sulted in the suppression of interest in morphology. 

At this point phylogenetic morphology appeared to take on a new 
lease of life. This, however, in natural science is connected, on the one 
hand, with the appearance of a new, creative idea, and, on the other 
hand, with the discovery of new methods. Now the theory of descent 
has powerfully stimulated morphological research. But has it 
brought to it, as, e. g., Strasburger has held, a new method, the phy¬ 
logenetic? Alexander Braun has already properly answered this 
question in the negative. 

Scott, also, has maintained that historical morphology (as regards 
both living and fossil plants) is dependent upon comparative study, 
that is, makes use of the same method as was in evidence before the 
appearance of the theory of descent; indeed, the most important 
homologies in the plant kingdom became known through Hofmeister 
at a time when the idea of descent was far from that general accepta¬ 
tion which it at first gained through the life-work of Darwin. 

The method has then from first to last remained the same: the 
most comprehensive comparison not only of mature forms, but 
also their development. A special “ phylogenetic method there is 
not, but only a phylogenetic conception of morphological problems. 
These are, however, just as at first was the case with idea istic 
morphology, purely formal. Modern morphology in my sense, how¬ 
ever, differs from the older in this, that it goes beyond the method 
of mere comparison. It allows the setting up of genetic trees to 
rest for the while, since, with our present knowledge, this meets 
with insuperable difficulties, and has brought almost as much di.aj 
pointment as the idealistic morphology. For just this reason, namely 
because we are persuaded that no other forces have been at noik 
during the phylogenetic history than those which now con ro the 
development of each particular organism, do we nisli, & * ' 

more exactly to learn what these are. We are concerned not alo 
with the determination of the single successive s ag 
opment. These must, of course, be followed, but m^dd.Uon we 
should follow all phenomena which may be got a >> 
observation, whether directly, by the microscope, or by chem c 
analysis. We may, therefore, say: The basal problem of the pre- 
sent-day morphology is not phylogenetic development, but devel¬ 
opment in general. We must, therefore, take our departure from 
the investigation of individual development (of ontogeny) for only 
this lies before us complete and without any break, and further, 
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because the study of ontogeny only may proceed from the experi¬ 
mental point of view. An understanding of development is possible 
only when the conclusions to which the observation of the phe¬ 
nomena of development has led us, rest upon experimental proof; 
in other words, when we ask questions of nature, and obtain our 
answers to them. 


Every little step — and with such only are we now concerned — 
beyond the mere descriptive consideration of development is here 
of significance, and brings the possibility of further progress. And 
small indeed, I may add, appears to be such advance to those who 
from the beginnings of phylogenetic morphology have, like Sisy¬ 
phus, sustained their courage to roll again and again up the moun¬ 
tain the rock of phylogeny as often as it has rolled down. 

It may now be attempted to examine somewhat more closely 
in certain particular examples the relation between phylogenetic 
and causal morphology. One of the changes which phylogenetic 
morphology has brought with it is that it seeks to ascertain which 
form is “primitive" and which derived. 1 Idealistic morphology 
has borne in upon us no conviction on this question, since it derives 
all forms from a type which is present only as a conception. But 
phylogenetic morphology must, on the one hand, always reckon 
with the possibility of polyphyletic development, and, on the other 
hand, it can operate not only with reversionary structures, as did the 
idealistic morphology, but must be far more concerned in deter¬ 
mining which forms within the series which it proposes stand near- 


tiv. 1 f° Uree -* den y 4 that ther * are forma which we may designate primi- 
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est the common point of derivation. It seeks, then, with diligence 
after “primitive” forms. But in this search we meet with great 
difficulties. In the first place, we are inclined to regard those 
forms as primitive which have simple form-relations, and unmarked 
division of labor. But such forms may also have arisen by reversion, 
and if one looks over botanical literature, he sees, at least so far as 
the relationships between the larger groups are concerned, there ex¬ 
ists no agreement as to which forms are to be regarded as primi¬ 
tive and which derived; opinion on this point often changes with 
the fashion. Thus the thallose liverworts have up till now been 
regarded as more primitive than the foliose, because the vegeta¬ 
tive body of the former is much more simple in construction than 
that of the latter, and between them there are found gentle grada¬ 
tions. Recently, however, the attempt has been made to derive 
the thallose from the foliose forms. 1 This is not the place to exam¬ 
ine the evidence for or against such derivation. How vacillating is 
the point of view from which it is judged what form is primitive is 
shown by the various positions which have from time to time been 
given to the apetalous dicotyledons. 

The old morphology regarded these as reduced forms because their 
flowers are less fully differentiated than those of most of the other 
dicotyledons. Eichler has, however, already shown that there is no 
ground for maintaining that the corolla in the Iuliflora and 
Cerdrospermce has suffered reduction; and on this point we can 
only agree with him. But must they, because the perianth shows 
simply form-relations and also because the number-relations within 
the flower are not always constant, be therefore primitive? Even if 
we admit that these groups have a great geological age, it is not 
proved that they stand as regards their total organization on a 
lower plane of development ; old and primitive forms are the same 
only when it can be shown that the former stand nearer to the 
stem forms of the angiosperms than other forms. If this is not 
capable of proof, then the old forms may just as well be the end 
terms of long developmental series as others, only that the differentia¬ 
tion of organs has not taken place to the same degree as in the others. 
Now, we do not know the stem forms of the angiosperms, and they 
may never, perhaps, be known. But even if we content ourselves 
by reconstructing them on the basis of comparative study, I can 
find no reason, e. g., to regard the Cupulifcrtc as primitive forms, 
while I can find many reasons for not doing so. Here may be cited 


suggestive to regard the development of organs from various points ot view. i can 
not, however, regard the attempt of Wettstein as wholly well-founded. It is quit, 
true that among the liverworts, a thallus mav arise at tones from a leafy stem. 1 
have shown this for Pleropsiclla (Cephalozia ) frontl if own* Spr. (Goebel .liudi men - 
Uire Lebermoose, Flora, 1893, p. 84). But the grounds for regarding this true in 
general for the thallose liverworts appear to me not to be at hand. 
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chalazogamy, which elsewhere occurs in forms which may be re¬ 
garded as degenerate; the facts that only a few of the ovules develop 
further; that at the time of anthesis they are in many forms not 
yet present; and finally the dicliny of the flowers. There has been 
much contention over the question whether the androgynous flowers 
of these forms are to be admitted to be the original form or not. 
Let us look at, c. g., the CupulijercB. Most of the forms have dicli¬ 
nous flowers. In Castanea vesca, however, androgynous flowers 
occur regularly: in the male flowers rudiments of the ovary, while 
in the female flowers staminodia, are often evident. But we know 
that for reduced organs all gradations occur from nearly complete 
development to almost entire disappearance. From the formal 
standpoint, then, the androgynous flowers may, with at least as 
much justice, be regarded as primitive as the diclinous ones, which 
more recently have been thus branded . 1 Just this question is, 
however, fitted to clear up the difference between pure phylogenetic 
and causal morphology. The latter says: By the mere comparison 
of forms morphological questions may not at all be decided. We 
must first of all become more closely acquainted with the forms to 
be compared, by seeking to determine the conditions under which, 
in living plants, the configuration of parts is produced. Concerning 
the flowers of the Cupulijerce the question then arises: is the occur¬ 
rence of male and female flowers dependent upon different conditions, 
and are these other than those under which androgynous flowers arise? 
As a matter of fact, it may be determined that, e. g., in the oak, the 
female flowers always occur in those parts of the twig which are 
stronger, that is, better nourished, than those in which the male 
flowers occur. This offers us, however, only a point of departure for 
a more exhaustive research. When we know better the relation 
between the formation of flowers and the total activity of the plant, 
when we have the ability at will to cause it to produce male, female, 
or androgynous flowers, when we further know how it is determined 
that the oak usually brings to development only one out of six 
ovules, and why the pollen tube follows a different path than the 
usual, then may we further discuss the question whether the Cupu- 
li/crcc are primitive or not —for then shall we have better grounds 
for phylogenetic conclusions than we have at present, and we shall 
then recognize with great probability the changes which have taken 
place in these organs as phenomena resulting from changes in the 
total organization of these plants. 


diclinous SIT* [ act .that among the Gt/mnosperma the flowers arc typically 
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So, as the matter now stands, we cannot deceive ourselves on this 
point, that the constructions of the old morphology, although con¬ 
fined almost entirely to vestigial series, nevertheless stood on firmer 
ground than the modern speculations on the question of primitive 
forms. Starting with a completely endowed form, we can follow 
the reduction of form through intergradations, and, by reference 
to vestigial organs, often with convincing certainty. But by what 
means shall we judge a rudimentary organ? Is it more than a gratui¬ 
tous assumption, when, as recently was the case, a certain botanist 
declares the lodicules of grasses to be not a perigone, but a rudiment 
of a perigone? 1 Whereby may one recognize a rudiment, i. c., the 
attempt to form something new, an attempt which, however, has 
remained nothing more? In what way may we distinguish such a 
rudiment from a vestigial organ? And, finally, after one has broken 
faith with the old vestigial scries, is it not still more of the stamp of 
formal morphology if he contents himscIT in arranging forms in series 
and then comes to a standstill when he tries to decide at which end 
stand the primitive and at which end the derived forms? At any 
rate, such a limitation brings out the better the true condition of our 
knowledge, for such an arrangement of forms in a series is about 
the best service that formal morphology can do. This service is, to 
be sure, no small one, for it enhances broad critical comparison, 
and is, therefore, the result of hard work. But the desire to give 
this arrangement in series a genetic bearing has oftentimes led us 
to untenable propositions and explanations. Just as we have little 
ground for assigning the Cupulijeree to a primitive position, so have 
we as little evidence for regarding the Casmrincc also in the same 
light. The latter have been placed by a recent systematist at the 
apex of his system, because there has been an inclination to find in 
them a sort of “missing link” between angiosperms and gymno- 
sperms . 1 I may, perhaps, mention that I had regarded such a view 

1 Engler, Die systemalitehe A nordnung der monocotyledoncn A ngiospcrmcn. (.!/>- 
handl. der K. Preuss. Akad. d. Wissensch.zu Berlin, p. 22.) The reasons advanced 
by Engler for the view that the primitive flower of the Gramincre was naked arc 
fluite beside the mark, as, e. g., when he expresses the opinion that wind pollmal ion 
indicates that the types of the Graminece and Cypcracecc are very old. Is. then, 
the Plantago type very old, or Thalictrum “older” than the other Iutnunculttv? 
We know that wind pollination has appeared in widely different groups of plants, 
evidently in part as a reduction of flowers which were not wind-pollinated. A cor¬ 
relation between the flowers and the glum*, or pale*, puts Engler on the defense. 
We see, however, very plainly in many grasses that leaf-organs which have become 
superfluous as a result of their position, have become reduced. A similar process 
may have taken place in the perigonal leaves, and the behavior of StreptoehaUa 
strongly indicates this. (Cf. on this point Goebel. Bin Bcilrag zur Morphologie der 
GrQter, Flora, 81. Bd. Ergfinzungsbd. z. Jahrg. 1895.) The seed and fruit characters 
of the grasses also are anything but primitive. , 4 , , 

„ Engler ( Syllabus , Fourth Edition. 1904) has recently yet again placed the 
Caeuarina at the point of divergence of the Dieo/yltdona \ although the conten¬ 
tion that in their macrospore before fertilization “a rudimentary prothallmm, 
consisting of twenty or more nuclei, arises" cannot l>e maintained by the earlier 
researches of Treub, as I have pointed out ( Organographie , p. 894). Frye {The 
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as incorrect, even before the evidence was adduced by an American 
botanist (Frye) that Casuarina has evidently nothing which marks 
it off from other angiosperms. Many of my fellow botanists have 
been inclined to point out as a further example of the fruitlessness 
of the search for primitive forms those bryophytes which have been 
regarded by me as primitive; and I readily admit that here also 
we cannot point out any conclusive evidence for their primitive posi¬ 
tion, but only for a greater or less subjective probability. Numerous 
other examples (as, e. g., the supposed primitive monocotyledons) 
may be pointed out, which show that the phylogenetic morphology 
has overrated the prospects of results in search for primitive forms, 
stimulating as this has been. 

This may be seen also if we notice the attitude of phylogenetic 
morphology to the problem which the old morphology dubbed 
with the not very fortunately chosen name of metamorphosis, and 
which historically is that of homologies. Here, also, it may be 
shown that the problems have remained the same, while only the 
attempts to reach a solution have changed. 

The idealistic morphology believes that all organs of the higher 
plants may be traced back to caulome, phyllome, and trichome; 
it conceived this process not as a real one, but was content with a 
conceptual arrangement of different plant organs in these categories, 
which were reftlly nothing but abstractions. 

That thereby the reproductive organs were left entirely out of 
consideration — these were referred to modifications of vegetative 
organs — is explained in part by the fact that they occur in the higher 
plants less frequently as peculiar parts, and often completely dis¬ 
appear in teratological growths, which are with predilection turned 
to account in theoretical considerations; and in part because of the 
view that for morphology the function of an organ is a matter of 
indifference, and that accordingly in morphological considerations 
it can have no significance whether an organ has developed as a 
glandular hair, chaffy scale, or as an archegonium, so long as it has 
developed out of the outer cell-layer of the plant body! This stand¬ 
point, which is an obviously sterile one, needs no further special dis¬ 
cussion. Let us, on the other hand, see how phylogenetic morphology 
has come to terms with the problem of metamorphosis. As an ex¬ 
ample, I select a passage from a prominent American work, in which 
Coulter and Chamberlain express themselves concerning the leaf 
structures of flowers as follows: 

“ While sepals and petals may be regarded as often leaves more or 
less modified to serve as floral envelopes, and are not so different 

Embryo-sac of Casuarina slricla. Dot. Gaz. xxxvI, p. 104) shows that the embrvo- 
sac of Ccsuanna slncta behaves just as in the other Dicotyledona. Of this paper, 
however Engler has taken no notice. The whole of Englcr’s presentation shows 
now far the desire to find primitive forms may lead to untenable views. 
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from leaves in structure and function as to deserve a separate mor¬ 
phological category, the same claim cannot be made for stamens 
and carpels. They are very ancient structures of uncertain origin, 
for it is quite as likely that leaves are transformed sporophylls as 
that sporophylls are transformed leaves. ... To call a stamen a 
modified leaf is no more sound morphology than to call a sporangium 
derived from a single superficial cell a modified trichome. The cases 
of 'reversion' cited are easily regarded as cases of replacement. Lat¬ 
eral members frequently replace one another, but this does not mean 
that one is a transformation of the other.”' 

We see that in this verdict the emphasis is laid on the historical 
development, but at the same time this is pointed out to be unknown 
to us. With this latter conclusion I am in complete harmony, but 
the accentuation of the historical-phylogenetic factor has, on the 
other hand, led to a conception of the ontogenetic problem, in which 
I can perceive no advance upon the old morphology; there is rather 
avoidance of the problem than an attempt to solve it. This, however, 
is connected with the purely formal conception, as the phylogenetic 
morphology employs it. Let us examine the matter in question. 
For a long time we have known that often in the room of the sta¬ 
mens — to confine ourselves to these — flower leaves, or foliage 
leaves, or occasionally even carpels, arise. The idealistic morphology 
says that this proves that the stamens are “leaves,” for these can 
be modified the one into the other. Coulter and Chamberlain, how¬ 
ever, deny that a stamen fundament may be transformed into a 
flower leaf; they find only a “replacement” of one “lateral member” 
by another. It should be remarked that “leaves” exist in nature 
as little as “lateral members.” Both notions are mere mental ab¬ 
stractions, not the expression of the facts of observation. We speak 
of the replacement of one organ by another if these have nothing 
more in common than the place of origin. Thus we see that in the 
foliose liverworts a branch often arises in the position of a leaf-lobe.* 
No one has observed any intermediate form between these; the 
lateral shoot in reality takes only the position of a leaf-lobe. Ihc 
relation between the stamens and the organs which “replace 
them is, however, quite different. We speak of a transformation 
of an organ A into an organ B when B not only stands in the position 
of A, but also corresponds with A in the earlier stages of its develop¬ 
ment, and later strikes out on its own line of development. If this is 
the case, we should expect to find between A and B intermediate 
forms which are different according to the developmental stage at 
which A is caused to develop further as B. 'lo use an analogy: 


;perms, p 


22 . 


‘ Coulter and Chamberlain . Morphology of Ihe Angins) . . , 

* Goebel, Rudimentme Leber moose. Flora, 1393. p. 84. Ifcbcr die einfachstc 
Form dor Moose, ibid. 76, 1892, p. 92. 
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Replacement and transformation behave as two fluids which are, 
and two fluids which are not, miscible; in the first case the inner 
structure is different, and in the second there is a correspondence. 
The comparison is a limping one, but still gives us a fair illustra¬ 
tion. 

As a matter of fact, we do find every intermediate step between 
stamens and flower leaves, and we cannot doubt that these have 
come into existence because a stamen, or, in other words, a stamen 
fundament, has at different stages of its development received a 
stimulus which has caused it to develop into a flower leaf. We find 
correspondingly, that the earlier developmental stages of a stamen 
and a flower leaf are parallel throughout, while in the above-cited 
example of the branch and a leaf-lobe of a Jungerraanniaceous 
liverwort their developmental histories are throughout different, as is 
shown by the arrangement of cells. In the case of stamens, therefore, 
there occurs not a replacement, but a transformation. And, indeed, 
a limited one. Not any “lateral members'' you please may arise 
instead of stamens, but only and always those which we subsume 
under the concept leaf, because they evidently have peculiarities in 
common. Besides, there are also normal flowers which exhibit all 
intergradations between flower leaves and stamens. The former 
Coulter and Chamberlain would regard as leaves, the latter not; 
where, however, is the line of separation between them? 

From the limited power of transformation possessed by organs 
it results that in causal morphology the problem is, then, not a phy¬ 
logenetic, but an ontogenetic one. Whether sporophylls or foliage 
leaves are the older phylogenetically may be disregarded. For it 
appears more important first to determine why the power of trans¬ 
formation is limited, why a shoot-thorn or a shoot-tendril may be 
transformed only into a shoot, a stamen or a carpel only into a 
“leaf;” and second, what conditions are determinative thereto. 

The first step toward the solution of the problem is that we learn 
to call out experimentally and at will such transformations as we 
have heretofore occasionally observed as “abnormalities.” 

This has been successful in experimental morphology in a great 
number of cases, and in the future will be still more so. To be sure, 
we are still unable to induce the transformation of stamens into 
flower leaves at will, — we only deceive ourselves when we believe 
that the art of the plant-breeder has succeeded in doing this, for in 
reality all he has done is to isolate such races which have occurred 
in nature with more or less doubled flowers, — and in this regard we 
stand in contrast to the fungi and insects, the activities of which, 
as Peyritseh and others have shown, often — unconsciously of 
course cMl forth such transformations. 1 Yet it has been possible 
1 The literature is presented in Goebel, Organographie, part I, p. 165. 
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to change scale leaves (cataphylls) and sporophylls into foliage 
leaves, inflorescences into vegetative shoots, and, vice versa, plagio- 
tropous into orthotropous shoots, hypogieous into epigaeous, not 
to mention the interesting results which have been obtained by 
Klebs 1 in his studies of the lower plants. 

Let us take, for example, the just mentioned transformations 
of scale leaves into foliage leaves and of sporophylls into sterile leaves. 
Here developmental study and experiment immediately encroach 
on each other. Development has shown that, e. g., the bud- 
scales of many trees which in their definitive condition are very 
different from the foliage leaves, yet parallel them dcvelopmentally 
in an extraordinary degree; and that many bud-scales possess the 
fundament of a leaf-blade which has failed to develop and has thus 
become vestigial. 2 Similarly, the fundaments of the foliage leaf and 
the sporophyll in Onoclea 3 arc the same up to a quite late stage of 
development, beyond which each follows its own course. These 
facts gave occasion to the question whether or not it were possible 
to influence the development at will, and so to cause a scale leaf or a 
sporophyll to grow from a fundament which otherwise would develop 
into a foliage leaf. It has been shown that such transformations may 
be occasioned in a simple way, and the developmental correspondence 
makes such a limited transformation without further difficulty cap¬ 
able of being understood. And since seedlings produce, apart from 
the cotyledons and certain adaptations in hypogaeous germination, 
only foliage leaves, which are arranged for the work of photosynthesis; 
since further it is seen that all foliage leaves of one and the same 
plant, different as they appear externally, yet in reality follow one 
and the same course of development, which, as we have seen, is 
remarked also in scale leaves and sporophylls, —I accordingly come 
to the view that other leaf-organs arc derived from foliage leaf funda¬ 
ments through a change in the course of development occurring at 
an earlier or later period of growth. This conception has found 
many opponents, some of them for the reason that they hrne not 
been able to free themselves from the purely historical conception 


of the problem. , . 

But the historical question cannot help us over the ontogenet c 
problem, any more than the solution of the latter a one can answer 
the historical question. Even if it were proved in all cases that sporo¬ 
phylls, flower leaves, sepals, etc., are transformed fo la ”' le “ * S ’ 
it would remain undecided that these are phylogcnetically older 

‘^Goebel, BoitrOgo rur MorjMo^ und ****** *• BhUc. Bo,an. Zciiung. 

^Goebel, Ucbcr kuntBi&e Vergrunung dor OnocUa S,ru,hiopU- 

ris, Ber. der Deutschen Botan. Gesellschaft, v, 1S&7, p. *ix. 
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than the former. This phylogenetic problem, however, is with our 
present means and knowledge not subject to solution with certainty, 
while the ontogenetic problem, on the contrary, is. Problems, 
however, which may not be solved appear to me less important 
than those which may. 

To be sure, the solution of the ontogenetic problem is hedged 
about with great difficulties. For the results which have already 
accrued, valuable as they may be, take their importance from the 
fact that they lay the foundation for the future work: what changes 
take place during transformation, and upon what outer and inner 
conditions are they dependent? We may not comfort ourselves 
nowadays as at one time Goethe could with the view that flowers 
differ from the vegetative shoot in a refinement of the sap; rather 
would we know what change of the materials, and what other 
changes, are connected with the order of successive developmental 
stages of the flower. This, to us as good as unacquired knowledge, 
should give us a more penetrating glance into the nature of develop¬ 
ment than we have as yet had. To just this purpose plants are 
especially well adapted, for experience has shown us that the de¬ 
velopment of a plant is not produced as is the melody in a music 
box, in a definite order, so long as the outer source of power is present 
to start it; for the experiments of the last few years indicate rather 
“that the form-relations of chlorophyll-bearing plants are not pre¬ 
determined in the germ cell, but in the course of development.” 1 As 
a result we can not only arrest development at any particular stage, 
but we can also cause fundaments to unfold which were previously 
“latent.' 1 Historical morphology has contented itself as regards 
the unfolding of latent fundaments also with an historical explana¬ 
tion of the facts. The observation, e. g., that instead of the seed 
scale of the Abictinca under certain circumstances an axillary 
shoot appears, has been used by prominent botanists to support the 
conclusion that the seed scale has arisen phylogenetically from a 
shoot. Such an hypothesis would get beyond the rank of pure sup- 
position if n living or fossil form certainly related to the Abictincic 
could be pointed out, the cones of which bear in the axils of the cover 
scales shoots possessed of macrosporophylls. As long as such proof 
is not forthcoming, we stand opposed to a phylogenetic explanation 
of this observation, “kfihl bis ans Ilcrz hinan." We seek rather to 
establish the conditions under which the fundaments, which other¬ 
wise become seed scales, develop into shoots, and hold before us 
therewith the possibility that the forbears of the Abictinca t could have 
borne thcr ovules upon an axillary outgrowth of the cover scales, 
which indeed possessed the ability under certain circumstances 

Inch disturbed the normal development to form shoots, but which 

1 Goebel. Flora, 1S95, p. 115. 
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phylogenetically does not need to have been at any time an axillary 

^The question of the significance of metamorphosis leads us into 
another field of morphology. The above-cited examples show that 
the transformation of organs always goes on hand in hand with a 
change of function. This gives us the occasion to take up a further 
problem of modern morphology: the relation between form and 
function. The old morphology believed that it should keep away 
from this question, because it held that the function of an organ had 
nothin* to do with its “morphological meaning.” Just recently we 
have heard that morphology has to do with “members” and not 
with the “organs” of a plant. The fact that “members” and "or¬ 
gans” mean one and the same thing, and that for the organism their 
members are organs, or tools, shows that here again is a purely arti¬ 
ficial and therefore untenable abstraction. Morphology stiffens to a 
dead schematism when it does not take the plant for what it really 
is — a living body the functions of which are carried on in intimate 
relation to the outside world. It was the powerful influence of Dar¬ 
winism that turned more attention again to the function of single 
plant organs, for, according to one view, which has many adherents, 
all form-relations arise through adaptation. D. H. Scott has given 
clear expression to this view in the sentence, "All the characters 
which the morphologist has to compare are, or have been, adaptive. 

This is a widely disseminated conception, but is by no means 
as widely accepted. Above all, it must be pointed out that it is not 
the result of observation, but is a theory, which enjoys by no means 
general acquiescence. True, the conclusion drawn depends upon 
the meaning given to the word "adaptive.” But, take it as you wiU, 
in the Lamarckian or in the Darwinian sense, in r «' 10 '' 
phenomena of adaptation we come face to face with the problem, 
are the form-characters fixed adaptational characters so ely, or hate 
we to distinguish between organization and adaptationalchaiact . 
There are several grounds which have led to the belief thato^.uu 
zation and adaptational characters coincide Cluefl)Mlhe* 1«« 
results which investigation concerning the functional 

of structures as well in the flower as in the ye S eta.;o o,gans has 

had in the last decade. It was evident that structures to which 

were earlier ascribed no sort of function yet >|»ve ««eh. A « ° ne 
was found, there yet remained the possibility that the. sbwtum 
concerned had earlier been useful as adaptations. ' 5 , liouever 
clear that we are hereby near to the danger 0 it " m S ,0 
as proved which needs rather to be pro\ed. • 5 , 

me that morphological comparison as wdl as experiment 
that the distinction between organization y^^aptaionalc ra; 
. ters is justified, and that the opinion to which Scott has given ex 
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pression has arisen from the admission that specific characters have 
arisen through the accumulation of useful fluctuating variations 
effected by the survival of the fittest. But we see that in many 
cases specific characters are not adaptive. If we follow out, e. g., 
the systematic arrangement of the Liliiflora, we see that the par¬ 
ticular groups differ from each other as to whether the ovary is in¬ 
ferior or superior, and whether it later becomes a capsule or a berry, 
and, if it is a capsule, whether it is loculicidal or septicidal. Con¬ 
cerning these characters one may well ask whether one can bring 
the berry or the capsule into relation with the question of adapta¬ 
tion; whether it can be shown that the berry-bearing Liliiflora 
occur or have arisen chiefly in those regions where also occur many 
birds which devour the berries and thus disseminate the seeds. Such 
a relation cannot at present be shown to exist. And who would 
regard the question whether a capsule opens septicidally, as in the 
Colchicacea, or loculicidally, as in the Liliacea, as one which stands 
in relation to adaptation? The method of opening is conditioned 
by the structure of the fruit in the Colchicacea and Liliacea, but for 
the scattering of the seed it is evidently quite a matter of indifference. 
Shall we conclude that in the past it was otherwise? 

Here again we are shown that we get along the best when we start 
out with the observation of the plants which surround us, and not 
with theoretical assumptions and far-reaching phylogenetic hypo¬ 
theses. The theory of mutations formulated by De Vries with such 
brilliant results is the result of this kind of patient and step-by-step 
observation of the now living plant world. The observations of De 
Vries show us that specific characters arise not through the accumu¬ 
lation of useful variations, but by leaps, and have nothing at all to do 
with direct adaptation. Such as are disadvantageous in the struggle 
for existence are weeded out. But selection cannot effect the origin 
of specific or organization characters as such, and this makes it clear 
to us why — from the human standpoint —- one and the same prob¬ 
lem may be solved in such different fashions. 

The mutation theory of De Vries limits itself to that alone which 
the observation of the present moment can come at, to the origin of 
the so-called “ minor species.’* But how the division of the plant 
kingdom into the larger groups has come about, how it has happened 
that the “ archetypes” have reached such marked development and 
others have died out or remained in abeyance, are further prob¬ 
lems, the solution of which may not so soon be looked for. For this, 
however, the more intimate knowledge of the factors which regu¬ 
late the development of the individual from the egg-cell to the 
ripening of the fruit forms a fundamental starting-point. For this 
purpose plants are especially suitable, since, on the one hand, be¬ 
cause of the possession of a punctum regclationis, they are in later 
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life also provided with embryonal tissue, and, on the other hand, 
because in their form they are more exposed to the influence of the 
outside world than the majority of animals. 

An especially important means in order to the causal study of 
development has the research into those phenomena proved it¬ 
self, which we designate the regeneration of new formations as the 
result of wounding. The questions, what really takes place when 
an embryonic cell becomes a permanent cell; the reciprocal influ¬ 
ences of separate plant organs, which we call correlation; further, 
the problem of polarity, stand out with great clearness in the phe¬ 
nomena of regeneration. I can, however, at this moment only indi¬ 
cate the problems, and cannot point out the steps which have been 
taken toward their solution. A wide vista spreads out before us. 
The more must we wonder that of the countless botanical papers 
which appear each year not more than perhaps a dozen are con¬ 
cerned with the problem of development. 

Summing up this brief presentation, it should have been shown 
that morphology, which originally formed a part of taxonomy later 
grew apart from it as an independent discipline. Only when it gives 
up this separate position will morphology take on new life, for such 
a position is warranted only historically and not in the facts. 

The earlier morphologists would have said that morphology has 
as little to do with the physiology as with the anatomy o P • 
which latter, at the time when systematic botany was in the as 
ant, they reckoned also as physiology. For physiology was then 
everything which was not taxonomy. Nowadays 1 " 0 ' ,. 

rying coals to Newcastle to point out the s.gmficance of the ce 
doctrine for morphology. For the understanding of 

generations, of inheritance, and other phenomena fundamentally un 

portant to morphology, the doctrine of the cell has become o bas, 
significance. The same is true in a higher degree for the relatm 
between morphology and physiology, for all other tasks 
scriptive natural sciences are, after all, only P^-'naryaepts 
at orientation, which at length lead to experimental quest.oji.ng, 

to physiology. Indeed, one may say that morphology 

is not yet understood physiologically. The separation of the differ 

ent tasks of botany is not in the nature of things proper, 

a preliminary means at first to orientate ourselv^ with re erence 

to the maze of phenomena. The barriers between <>'^ tasks ™ Ust 
then, in the nature of the case, fall with further progre• I ™ 
wish to deny the value of phylogenetic instigation but the^results 
which it has brought forth often resemble more the product of 

creative poetic imagination than that of ex ^ s . ent 

capable of proof. If the knowledge of h-toncal development 

of plant forms hovers before us as an idea , \' 



98 PLANT MORPHOLOGY . 

only when we attack the old problems of morphology, not simply 
with the old method, that of comparison, but experimentally, and 
when we regard as the basal problem of morphology not phyloge¬ 
netic development, but the essence of development in a large sense. 
Even if we had the story of development spread out clearly before 
us, we could not content ourselves with the simple determination 
of the same; for then we should be constrained to ask ourselves 
how it has been brought about. But this question brings us straight 
back to the present, to the problem of individual development. 
For there is for natural science hardly a more significant word than 
this of Goethe’s: " Was nicht mehr entsteht, konnen wir uns als 
entstehend nicht denken. Das Entstandene begreifen wir nicht.” 
It is, then, the task of modern morphology to learn more exactly the 
factors upon which at this time the origin of structures depends. 
To this task, for which there was at that time but little preparatory 
work, consisting of a few important attempts by the gifted Thomas 
Knight, Wilhelm Hofmeister, who is known to most of us only as a 
comparative morphologist, did a too little recognized service. For 
he pointed out, even before this trend of study became apparent in 
zoology, that the ill-designated Entwickelungsmcchanik pursues 
essentially the same goal as the causal morphology of botany. 

We may regard as a motto this sentence from Hofmeister’s Allge- 
mcine Morphologic. “Es ist ein Bedurfnis des menschlichen Geistes, 
eine Vorstellung sich zu bilden fiber die Bedingungen der Form- 
gestaltung wachsender Organismen im allgemeinen.” This is even 
now the problem of present-day morphology. Comparative consider¬ 
ation, including, of course, the especially important history of devel¬ 
opment, offers us valuable preparation for the intellectual grasp of 
the problem, but, above alb for the pursuit of the experimental 
method. 

That the zoologists also have felt this necessity to strike out into 
new ways besides that of comparative morphological observation, 
shows anew that for all organisms the problems are really the same. 
Let us, then, take for our watchword development, not only as a 
problem, but also for the methods with which we seek to bring our¬ 
selves nearer its solution. 


SHORT PAPER 

Doctor J. Arthur Harris, of the Missouri Botanical Garden, St. Louis, 
Missouri, presented a short paper on the subject of “ The importance of Investiga¬ 
tion of Seedling Stages/’ in which the speaker epitomized the recent attempts to 
solve the problem of the phytogeny of monocotvledons by reference to the anat¬ 
omy of seedlings. 
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{Hall 4, September 22, 3 p. m.) 

Chairman: Professor Charles R. Barnes, University of Chicago. 
Speakers: Professor Julius Wiesner, University of Vienna. 

Professor Benjamin M. Dugoar, University of Missouri. 
Secretary: Professor F. C. Newcomb, University of Michigan. 


The Chairman of the Section of Plant Physiology was Professor 
Charles R. Barnes, of the University of Chicago, who introduced the 
speakers as follows: 

" It is perhaps somewhat unfortunate that the study of living things 
must be divided so minutely in these modern times. It is a matter of 
convenience, in certain respects, to separate plant physiology from 
other divisions of botany and from the study of animal physiology. 
It is unfortunate, however, in some respects, for the physiology of 
plants is fundamentally like the physiology of animals. Indeed, the 
solution of some of the most important problems of physiology must 
be sought in a study of the simpler phenomena of plants rather than 
in the much more obscure, because more complicated, processes in 
animals. Naturally, therefore, papers on animal physiology are likely 
to be of great interest to the plant physiologist, and papers on plant 
physiology should be of equal interest to the animal physiologist. 
Even were physiologists one, however, they would still have to 
lament their separation from the chemist, on the one hand, and the 
physicist on the other, since their study is in reality chiefly applied 
physics and chemistry. While, therefore, in late years there has been 
a steady specialization and a tendency to express this specialization 
by the formation of separate sections and societies, students are 
coming to realize more than ever before the fundamental unity of 
scientific study and the close relations that exist between what seem 
to be quite independent branches. 

“ The modern history of plant physiology begins shortly after the 
great impulse given to the study of nature by several contemporary 
events about the year 1860, the most notable of these being the pub¬ 
lication of Darwin’s Origin of Species. Ever prominent in the 
renascence of plant physiology will be the name of Julius von Sachs, 
and high upon the list of those who have advanced the boundaries 
of knowledge in this field will always be the name of the distinguished 
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investigator who honors us with his presence this day. In 1S73 Julius 
Wiesner founded at the University of Vienna an institute for the 
study of plant physiology, one of the earliest, as it has been one of 
the most active, of institutes devoted to this subject.” 



THE DEVELOPMENT OF PLANT PHYSIOLOGY UNDER 
THE INFLUENCE OF THE OTHER SCIENCES 

BY PROFESSOR JULIUS WIESNER 
{Translated from the German by Professor F. E. Lloyd, Columbia University) 

[Julius Wiesner, Regular Professor of Vegetable Physiology, University of Vienna, 
and Director of the Institute of Vegetable Physiology, since 1873. b. Tschechen 
in Mahren, Austria, January 20, 1838. Studied in Technical High Schools, 
Brttnn and Vienna; University of Vienna, 18.56-GO; Ph D. 1860; J.U.D. 
{honoris causa) Glasgow, Scotland, 1898; Privat-docent. University of Vienna, 
1861-68. Regular Professor, Technic High School, Vienna, 1868-71; ibid. 
Forest Academy, Vienna, 1871-73; Rector Magnificus, University of Vienna, 
1898-99. Member of the Academies of Sciences, Vienna, Berlin, Munich, 
Rome, and Turin, and numerous other scientific and learned societies. Author 
of Introduction into Technical Microscopy; The Elementary Structure and 
Growth of Living Substance; Anatomy and Physiology of Plants; Biology of 
Plants; The Raw Materials of the Vegetable Kingdom.) 

I have received the honor of an invitation to speak before this 
great International Congress of Arts and Science on the relation of 
plant physiology to the other sciences. I gratefully accede to the 
request. When I accepted the invitation I did so. however, with 
real pleasure, for, I said to myself, I shall see with my own eyes the 
great progress which the sciences, especially the natural sciences, 
have made in America, and I shall have the opportunity to speak on 
a subject with which I have long been busied, and which has. so to 
speak, become a part of my life. 

It happened that six years ago I spoke in public upon this sub¬ 
ject on the occasion of my induction into the office of Rector of the 
University of Vienna. The content of my address at that time has. I 
believe, not remained unknown to a wider audience, and I may pre¬ 
sume that it has become known to my American colleagues through 
a translation, with which I was honored, and which was published 
in the Yearbook of the Smithsonian Institution for 1898. I hey will 
then understand that I do not desire merely to repeat myself to-day. 
and will bear with me, if I give my present address a somewhat differ¬ 
ent turn and content, without losing sight of the main issue, which 
is to throw light upon the interaction of the sciences and the com¬ 
plete unification of all human knowledge. 

The insufficiency of human understanding compels us to move 
the lever of research within a small area, and for all time the prin¬ 
ciple of division of labor will hold good, and,bv the same token, the 
parceling off of the field of labor will advance. 

But, necessary as this division of labor is, it has its drawbacks as 
well as its advantages, for it narrows the horizon of the individual 
worker, and leads not seldom to a cramped idea of the goal of the 
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sciences. It is often to be blamed for a classification of the sciences 
in the sense that we imagine that we see an assured advantage in a 
complete separation of fields of work which we sought to arrive at 
by means of definition. 

But, quite on the contrary, the greatest advances in the sciences 
are to be made through the union of the results gained by individual 
research. Not alone through the union of our experiences in special 
lines, but more especially through the incidence of one science upon 
the rest, is the richest harvest for all concerned to be gained. This 
interrelation of the realms of study brings it about that the sciences 
do not separate from one another, as the classifiers would have it, but, 
as living streams, change their boundaries, and often unite with each 
other to form larger units. The final goal, which, to be sure, may 
never be fully reached, becomes ever clearer: all human knowledge, 
especially all our knowledge of nature, will become bound together 
into a great unity. This is the leading thought of my address. 

In order to brevity, I will not attempt to trace out the early paths 
of plant physiology. I take up the thread of its development at that 
point where its advance appeared assured, that is, at the time of the 
revival of art and science. 

The discovery of the New World, and the almost synchronous 
announcement of the heliocentric world-system, powerfully stimu¬ 
lated research; and the invention of printing, which had been given to 
the world a short time before, made possible the spread of knowledge 
in a theretofore unthought-of way, so that the conditions preparatory 
to the advance of science were supplied in a manner as never before. 

Then the spirit was awakened, and bestirred itself in every branch 
of science. We can quite understand that, as a result of the wide 
choice of materials for study, a certain irregularity of development 
in knowledge should appear. But, in spite of such go-as-you-please 
methods, there grew up a " spirit of the times,” more or less unnoticed, 
which directed the stream of research into more regular channels 
than the unconstrained impulses to research might lead one to expect. 
How the genius of single greatness and how the apparently unsus¬ 
pected ferments and stimuli of the thought of the times acted upon 
one another in the struggle up new steeps of knowledge, may not 
at this time be further discussed. 

At the beginning of the period which I have in mind, the physicist 
was the first to enrich opr knowledge of nature. Mechanics — in¬ 
cluding the mechanics of the system of worlds — formed the point 
of departure for the studies. Soon followed the discoveries in physics 
and chemistry, which were not then separated as they became at 
and after the time of Lavoisier. By the physicists were made the 
first discoveries in plant physiology, by Mariotte in the seventeenth, 
and Priestley in the eighteenth century. Priestley, who was from our 
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present point of view a chemist, not only discovered oxygen, but was 
the first to show that this substance is excreted by plants. 

These physicists were the forerunners of IJales and Ingen-Housz, 
the true founders of plant physiology. Hales, by his studies of sap 
movement, laid the foundation for physical plant physiology: on 
the other hand, Ingen-Housz, by his discovery that atmospheric 
carbon dioxid is dissociated by light in green plants, did the same 

for the chemical aspect of this study. 

Thus it was that the foundations for plant physiology were laid 
by the physicists. The next advance, the firm establishment of the 
discovery of Ingen-Housz, came through Th. de Saussure, who was, 
in the language of his colleagues, as well as in our own, a chemist. 
At the beginning of the eighteenth century there was no relation 
between plant physiology and botany. The botanists, who were 
of the stamp of the Linmean School, were completely engrossed 
in description, and were quite indifferent to the knowledge of the 
life of the plant, already well advanced. . 

The French were the first to show the relation between plant physi¬ 
ology and botany. The great botanist, Augustine Pyrame de Can¬ 
dolle, came under the influence of his elder colleague and county man 
Th. de Saussure. The great significance of plant physiology, "hit 1 
was at that time too closely identified with physics and chemistry 
could not have escaped his far-seeing eye, and he hoped toibring the 
young science into new life by pressing into service the knowledg 
of the botanist. In addition to his fundamental studies in systematic 
botany, he was active as an experimenter in the field of phj*'0 J ■ 
and by means of his Physiologic vigitaU furthered greatly e k, '° 
ledge of the life processes in plants by his regard for morp iolop . 
relations, by the assembling of rich materials for observation «nb 
in general, by the bringing together of botanical (as then understoc 

and experimental evidence. . . n(opl f i u , 

To the French belongs the credit of having presen-ed intact t u 

continuity of plant physiology, which was effee c< , in . l<rue 

De Candolle, by the important physiolog.ca research of h • • -• • 

Dutrochet, Lnd by others, until Bous^ult, whose ac m > extends 

into the period of the general dissemination of plant p ij ~ ighed 
More slowly was the union of this study wit 1 >'» a "- f 

upon German soil. The bridge which led from the one to the other 

was plant anatomy, which, however, shared t if •> hounds of 

ology, in being regarded as something strange w.U..n the Umnds o 

the older botany This is explained, of course, by the fact that plant 

anatomy did not originate with the botanist. . .. f ( j 0 

Plant anatomy was first made possible by tbeinvenUon of the 

microscope; in fact, it was this invention whic ga\ 

study. The earliest anatomical observations of plants were made b> 
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Robert Hooke. This eminent colleague of Newton, as is well known, 
brought the compound microscope to a considerable degree of per¬ 
fection. Moreover, to test the performance of his instrument, he 
studied cork and other plant tissues. These incidental observations 
led this keen-minded man to the discovery of the plant-cell. Malpighi 
and Grew, however, went much deeper into the subject than Hooke, 
and, as Hales and Ingen-Housz are to be regarded as the true found¬ 
ers of plant physiology, so, too, Malpighi and Grew, on account of 
their studies of the inner structure of plants, stand in the same 
relation to plant anatomy. None of these four, however, were 
botanists in the sense of the times in which they lived. Malpighi and 
Grew were rather physicians, and their endeavors to learn the inner 
structure of plants and animals led them into the then almost com¬ 
pletely unexplored field of plant anatomy. The study of life was 
of much more meaning to these two anatomists than the business 
which the botanists set for themselves, and so we see that they 
associated their morphological studies with the problem of life, and 
this gave many stimuli in the direction of physiology. 

This was the situation at the close of the seventeenth century. 
What Malpighi and Grew did, went, a hundred years later, to the 
credit of the growing plant anatomy, while plant physiology got no 
use from it; we have seen, then, that the founders of plant physiology 
went to work as physicists and chemists; their aim was a pure 
physics and chemistry of plants; the anatomical knowledge of 
Malpighi and Grew had not been made use of. 

Much later was the bond between plant physiology and anatomy 
welded. This was accomplished chiefly by the so-called German plant 
physiologists in the first third of the previous century. These were 
plant physiologists, as a matter of fact, only in name. Unpracticed 
in experiment, they stood aloof from the achievements of their 
above-mentioned greater forerunners, which were quite foreign and 
incomprehensible to them. The works which they wrote on plant 
physiology did not show what had been done in this field decades 
before. And yet the authors of these works have done a great ser¬ 
vice, in that they furthered the knowledge of anatomy, and out of 
this sought, in a one-sided way to be sure, to explain the life of 
plants. 

In two ways, however, the advance of plant physiology was helped. 
I irst.in that these men established in Germany the relation to botanv 
of plant physiology, and, in the second place, in that they introduced, 
besides the chemical and physical point of view already had, a 
morphological one. 

The union of plant physiology to botany by means of anatomy 
is easy to understand, if we note that the anatomists were first of 
' -oncerned with the determination of morphological relations, 
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which were at that time, as they still are, of great significance to 
the systematist. Thus anatomy gained entrance into botany in the 
beginning of the previous century, while the botanists of that time 
yet saw something strange in the physical and chemical conception 
of plants. Men such as Hedwig, Treviranus, Link, Meyen, and others 
who belonged to the ascendant school of botanists, went into plant 
anatomy. The anatomical point of view must have led them to the 
question of the functional significance of cells, vessels, and tissues, 
and thus was developed, from the morphological side, the idea of 
physiological study of the plant body, just as earlier the physiological 
and the chemical methods had led to the same goal. 

It was the plant anatomist, then, who made physiology at home 
among the botanists, especially in the German countries. The 
works on plant anatomy of Treviranus, Meyen, and others, which 
appeared during thirty years of the last century g.ve us evideno s 
of the spirit of the teachings of that time on the life of plants. The 
independent observations and conceptions which are to be found in 
these works bore a one-sided morphological stamp; and all that 
dealt with the changes of force and materials in the plant had, on 
the other hand, the character of compilation in which the unma¬ 
tured ideas of agriculturists were accorded a larger ^ace than t 

researches of the above-mentioned physiologists, who had already 
departed the field of action. 

The whole of the botany of that time, as it was carried on in Go 
many, had a one-sided morphological character Under such c - 
cumstances, plant physiology could not flourish. This onc-sidc 
ness gave to botany, especially in Germany, specific stamp ami 
even such men as H. von Mohl could not escape the influence of the. 
time, although his clear intellect made better use of th *' lt "“j 
inheritance of plant physiology than did h,s colleagues. H.a rn.n^ 
better adapted for the study of nature, led him to quest 10 

field of experiment, in which he started some fundamental line of 

work, as, e. g., the study of twining, and of the tendril so ^ants. 
But his strength always lay in anatomy. In e% ’ or _ 

questioning led straight to experiment, he clung as a ^ 

phologv. An instructive and pertinent example • ' 

the question of leaf-fall. The history of plant physiology a “ 

influence of other studies upon it are re e< " . f .1 w j ts devel- 
problem that I may be permitted a few moments to follow its 

- -—s-ssrs.’srs 
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a wedge, and force them off. H. von Mohl showed that this and 
other such naive conceptions were untenable, and he tried to point 
out the true state of things. His discovery of the scission layer was a 
great advance. 

Now, for the first time, it was recognized that the loosening of 
leaves is brought about by an organic process. But von Mohl con¬ 
ceived the question in a one-sided, almost purely morphological way. 
Ten years later, when plant physiology started its larger develop¬ 
ment upon German soil, did they for the first time begin to search 
experimentally for the causes of leaf-fall, and since that time the 
question has not been allowed to rest, because we have sought to 
come at a complete solution by means of combined anatomical, 
physiological, and biological researches. 1 

How much and how long plant physiology suffered in Germany 
under the dominion of one-sided anatomical study we are taught 
by the Anatomie und Physiologic of Schacht, which was much valued 
at this time (1856-59). This work is based almost entirely upon 
morphology; experimental study was relegated quite to the back¬ 
ground; the specifically physiological element is not in evidence. 

Yet another remarkable point in the development of German 
plant physiology demands explanation, because it shows that, as a 
result of meaningless, one-sided handling, disciplines mutually neces¬ 
sary, instead of helping, have hindered each other. I refer to the 
conflict of Liebig with the German plant physiologists. 

The humus theory, upheld at the end of the eighteenth century 
by Hassenfratz, was completely overthrown by Ingen-Housz. Yet it 


was revived again among the German agriculturists and accepted 
by the German plant physiologists. Their one-sided morphological 
conception of the life of the plant and their neglect of the study of 
their great forerunners explains this peculiar fact. As is well known, 
Liebig laid the new humus theory to rest, as Ingen-Housz had the old. 
He did it on the basis of the exact methods of chemistry with yet 
greater certainty than Ingen-Housz, and also with better results. 
This was the cause which led to a conflict between Liebig and the 
German plant physiologists, lasting forty years, which was of no 
use to science, and only showed that Liebig did not understand 
morphology and that the plant physiologists did not conceive 
aright the chemistry of the plant. In one thing both parties were 
wrong. They did not understand how much each was necessary to 
the other, if they would really further physiology. 

The first botanist who studied and mastered equally anatomy and 
physio,ogy, and attained that balance between them which is neces- 
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sary for the full fruition of plant physiology, was Franz Unger. 
It was thus that he did his epoch-making work. There came into play, 
however, a personal factor, also, which leads us to understand his 
fundamental importance in the development of plant physiology. 
He was called in 1849 as Ordinary Professor with Endlicher. He 
made an arrangement with that great systematist to teach anatomy 
and physiology, and leave taxonomy to his colleague. The compact 
was never broken. And thus for the first time in history a real pro¬ 
fessorship of plant physiology became a fact. A new banner was 
unfurled in a great university. Thousands of students were intro¬ 
duced by Unger to plant physiology. In Vienna, botany, as an object 
of learning, took on a new character: it was seen that there was 
something else besides that science of botany which was known to 
the privileged few, the knowledge of the inner structure and of the 
life of the plant. What furtherance is experienced by a science, 
especially in a great university, when a special chair is devoted to 
it, every subject to which a similar lot has fallen, has, I suppose, 

undergone. . . 

Through Unger’s work, plant physiology, in the best sense ot the 
word, for the first time became so popular in Austria that the estab¬ 
lishment of a special ordinary professorship of this study must have 
appeared to be justified. After Unger’s resignation such was pro¬ 
vided, and then followed in its train the Institute for plant physi¬ 
ology. When Sachs (1875) urged special chairs and laboratories lor 
plant physiology as an undeniable help to science,' they were already 
in existence in Vienna and Prag, and the Institute for plant physi¬ 
ology founded in Vienna after the establishment of the special pro¬ 
fessorship of anatomy and physiology of plants was the first wor - 
shop of the kind laid out on a grand scale, which furnished the stimulus 
for the founding of other institutions of the same kind To-day there 
exist in Europe and America well-nigh countless such laboratories 
and from their origin dates the great advance of plant physiolog> 


the last thirty years. lM , n | nn 

These arrangements have, however, been fruitful for the < ' 

ment of our science in a way which demands our special •Mention. 
Brought into being in great universities, the laboratories 1 
physiology were placed in a centre in which they came 
touch with other domiciles of research, so that the st.mulalting.mto- 
ence of the other sciences could hardly have been esc a pec 
ment under this permanent contact became ever mme mar . 
process has gone on before every one of us. and all "ho understand 
will admit that the present condition of our science co 
been realized, and the hope for the future could not have been 
promising, if, earlier, plant physiology had remained dependent on 

» Sachs. GeschichU der Botanik, MOnchen. 1875, p. 572. 
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itself alone, and had been deprived of that great share which has 
to-day been afforded it by science and practice. 

Science and practice! How often is their advantageous reciprocity 
misjudged! But it is just in the realm of plant physiology that their 
reciprocal advancement becomes clear to the unprejudiced, in spite 
of the errors which have proved a hindrance to their union for so 
long. Starting from a purely theoretical point of view, Liebig entered 
the sphere of practical agriculture, and, after an activity full of 
vicissitudes in the practical and theoretical trends of thought, led by 
practical ideas, worked especially at his experimental farm at Bechel- 
bronn in Alsace, and Boussingault worked in the field of plant nutri¬ 
tion, advancing, with the most refined means of research, toward 
the solution of plant physiology. What these two accomplished 
for agriculture through their researches, especially in regard to 
the nitrogenous and mineral foodstuffs of crops, must remain as 
difficult to estimate as the great advance which plant physiology 
owes to these two men who established the most intimate bond 
between chemistry and physiology through the founding of agri¬ 
cultural chemistry. 

At the end of the sixties the condition of things was thus. Plant 
physiology had not only come into relation with botany, but had 
become, indeed, an integral part of it. Further, plant anatomy, physics, 
chemistry, and practical agricultural chemistry had come to her 
assistance. Even animal physiology, now and then at least, came 
into a relation to physiology mutually beneficial to both, since the 
interrelation of animal and plant life had been clarified by Ingen- 
IIousz and Saussure. I shall take occasion to return to this question 
later. 

In spite of the efforts of Unger and others, who sought to portray 
plant physiology in comprehensive works, this knowledge, which 
had been derived from so many sources, was not yet welded into a 
real unit. There appeared in 1865 the Experimental Physiologic der 
Pflanzen of J. Sachs, in which was drawn up a critical summary of 
the sum total of the knowledge gained up to this time. This work 
gave a great impulse to new research. It was a most seasonable under¬ 
taking, which, not only by its rich contents, but also by its incom¬ 
parably clear and illuminating presentation, did not fail to exert 
a great effect in the further development of plant phvsiology. 
Unger's researches and his scholarly act ivity and Sachs’ Experimental 
Physiologic contributed the most to the fruition of plant physi¬ 
ology in Germany in the second half of the last century. 

Thus, although Hales laid down the first guiding principles of 
plant physiology, we have seen that its further development took 
place m I ranee and Germany. If we except the discovery made first 
by Priestley, that oxygen is excreted by plants,—a conclusion 
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clarified and strengthened by Ingen-Housz,— England took no 
further part in the building up of plant physiology as the product of 
chemical, physical, and anatomical study. Another great impulse, 
however, emanated from England, the introduction of the principle 
of development into botany. This, excepting that of a few fore¬ 
runners, was the work of Robert Brown. 

Although this eminent student dealt with development only as a 
morphological principle and turned it to account especially in tax¬ 
onomy, yet his method of viewing the vegetable organism from the 
standpoint of development at once quickened the study of anatomy, 
which up to this time had taken into consideration only the mature 
plant, and must be credited, of course, to physiology. Robert Brown 
taught the doctrine of ontogenetic development. This, however, 
paved the way for phylogenetic development, which similarly 
emanated from England, and had its chief champion in Darwin. 

The principle of phylogenetic development was of importance 
first in morphology. By the appropriation of physiological methods 
and by the application of this principle to purely physiological mat¬ 
ters, this historical conception entered with happy results into our 
sphere. We ask, nowadays, not only how this form, species, genus, 
etc., has arisen, but we also set before ourselves the question, with 
reference to the process of differentiation and life processes, how 
far these are referable to direct influence and how far to peculiarities 
which have become fixed by inheritance in the course of gencrations. 

Darwin's great influence on the development of our science is not 
confined to the historical conceptions of physiological phenomena, 
and in general to that which is connected with the origin and per¬ 
petuation of characters beyond the limits of the individual life, "ith 
adaptation and inheritance. His conception of organic life has in 
manifold other ways furthered the development of our science, 
especially in that he widened our horizon by a unified conception 
of the whole organic world. . 

That to-day there may no limit be drawn between plant and annua 
physiology, and that we may, with advantage to the botani.-l:* anc 
zoologists, and in general to the study of nature, approach a general 
physiology, is chiefly referable to Darwin's influence, even though 
in this particular this great student also had his forerunners. 

Fechner, with true insight, had already pointed out the irritability 
of plants. But he preached to deaf ears: the contemporary physi¬ 
ologists were in the bonds of a purely mechanical conception of plant 
life. A rich harvest came to Darwin through the Power of Movement 
in Plants, in which he showed that plants, without having nerves, 
yet are able to receive stimuli, to transmit them, and to react in 
places which are removed from the point of stimulus. 

Thus was indicated the way to make use in plant physiology o 
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the experience of animal physiologists. This late intimate contact 
of so nearly related disciplines, which earlier had been led up to, 
and again and again failed of, has shown itself in the highest degree 
fruitful; and the physiology of irritability, which earlier was pushed 
forward by Sachs, and later by Pfeffer and his school, and is at the 
present time in the forefront of interest, is referable to the beneficial 
influence upon plant by animal physiology. I beg to be allowed to 
emphasize this influence still more, and to indicate the interaction 
of these two sister sciences. 

In spite of Fechner’s earlier suggestion on the point, there is no¬ 
thing to be found in Sachs’ Experimented Physiologic on the mat¬ 
ter of irritability. The most important and most frequently adduced 
phenomena, as heliotropism and geotropism, were referred to tissue 
tensions and similar purely mechanical effects. Almost all plant 
physiologists followed the path which was pointed out by the gifted 
morphologist, Hofmeister. Only a few of the most striking move¬ 
ments of plant organs, as, e. g., those of the leaves of Mimosa pudica , 
were spoken of by Sachs as “the so-called phenomena of irritability.” 
He stood in this under the influence of the great animal physiologist, 
Brueckc, who, in order to get a more comprehensive idea of the life 
of organisms, took up plant physiology and studied closely the 
sensitiveness of Mimosa pudica. 

In his Pflanzenphysiologie, still following Hofmeister, Sachs ex¬ 
plains positive geotropism as a bending under weight, — that the 
root-tip as a result of its weight when the root is placed in a hori¬ 
zontal position, bends downward in the subapical part, which is 
composed of soft, plastic, and tender cells. Sachs says expressly 
that, just as the end of a piece of sealing-wax bends downwards 
when the part behind is softened by heat, the heavy and stiff end 
of the root bends out of the inclined, or horizontal, into the vertical 
position. 

In his later writings this account, which was out of all harmony 
with the facts of anatomy, was not held to, for the conception of the 
phenomenon of irritability underwent a total change, doubtless 
under the undoubted influence of animal upon plant physiology. 
The way we to-day regard irritability in plants is a reflection of the 
matter from the animal point of view. Pfeffer took this position in 
the first edition of his celebrated Plant Physiology . and yet more 
clearly and decidedly in the second edition, recently completed. 
Nowadays the phenomena of heliotropism and geotropism — not to 
pass beyond the examples cited — are regarded as those of irritabil- 
ifjN^the sense of the animal physiologists. The causes of stimulation 
(gravingtion. light, etc.) have been determined, the point of recep¬ 
tion shA'vn, transmission of stimuli proved, and the whole course 
determirk^d in detail. The value which accrued to plant physiology 
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through its union with animal physiology forms a debt which the 
former is trying to pay to the latter, and which in part has been paid. 
It was the recognition of heliotropic and geotropic phenomena in 
plants which guided us to discovery of analogous phenomena in 
animal organisms. And thus we see that the long-separated and 
independently parallel disciplines have become united into a more 
symmetrically developing general physiology. 

It seemed as if the doctrine of the cell, so important for physio¬ 
logy, would have had a happier fate than all the other branches of 
natural science. Its founders, Schleiden and Schwann, had worked 
into each other’s hands. Schleiden regarded this as a fortunate 
circumstance, which, as he expressed it, “protected the doctrine of 
cell-life entirely from the one-sidedness of a simply botanical or 
zoological point of view.’’ 1 But it has turned out otherwise. The 
iron law of division of labor holds good here, also, and only after long- 
drawn-out special researches in both fields has the conviction grown 
upon us that experience in one field has something to teach us in the 
other also. About half a century after the founding of the cell theory 
the large results of animal histology worked a change. The happy 
discovery of karyokinesis in the animal cell taught the botanists, 
who saw their enlightenment near at hand in the study of plant cells, 
in which traces of karyokinesis had been seen, by means of the tried 
methods of the animal histologist. From day to day the union of 
plant and animal histology advanced, and our knowledge of the 
organic elements gradually became more unified, the condition 
which Schleiden held as an ideal, and, in company with bchwann, 


had prepared for. . 

In the field of botany, morphology and physiology sprang up 
slowly side by side from the several above-mentioned foundations. 
That we see at this time interrelations between them indicates a far 
advanced condition. But this significant union is taking place by 
no means without contention. There yet sticks in the heads of many 
morphologists that these two parts of botany will thrive the >U 
the more completely they are separated from each other Art* on- 
tageous as the division of labor has been, and as much as he study 
of details has led to this, it must yet be clear to the far-s.ghl 1 
the solution of the great questions of plant life is poss.b c o. > by 
a morphological-physiological treatment. To express it rou y 
we may understand a machine when we take no c no . 
structure and form of its component parts, but a r '° ° .. . 

tion and work; so may we get an intellectual grasp of the living 
plant when we study its morphology in relation to its functions To 
make use of all demonstrable morphological facts in the explana¬ 
tion of life processes is one of the most obvious phases of modern 
■ Schleiden, Grundzuge der uriss. floC.Vierte Aufl.. Ldp*«. 1861. Vorrcdc, p. xi. 



114 


PLANT PHYSIOLOGY 


plant physiology, and is to be seen in the development of our science 
clearly enough. One needs only to compare the older works of Sachs 
with his last book, Lectures on Plant Physiology. In the latter work 
for the first time morphology comes into living relations with physi¬ 
ology, and this is more clearly evidenced by his presentation of 
anisotropy, in which he makes the attempt to explain the relation 
between the formation and the direction of plant organs under the 
influence of constant outside directive forces. Similar attempts to 
explain the form-relations of plant organs from analogous points of 
view were made soon after. Everywhere the most intimate rela¬ 
tion between form and structure, and function, was sought after. 
This research was directed not only at causal but also at teleologi¬ 
cal explanations, for which experimental evidence was, as far as 
possible, advanced. Schwendener and his school were active in both 
directions, furthering the union of morphology and physiology, and 
thus laying the foundations for a physiological plant anatomy. 

The increasing invigoration of physiology by morphology has in 
more recent times been of the same importance for the further de¬ 
velopment of our science as the influence of Darwin’s basic idea of 
phylogeny was to numerous problems concerning plant life. The 
question which now stands to the front is, how have forms arisen, 
and what functions are bound up with morphological relations, and 
also how we are to distinguish between ontogenetic and phylogenetic. 
E. g., Has a particular form or a particular tendency of an organ 
originated with the individual, or is it referable to inherited pecu¬ 
liarities, or is it the product of ontogenetic and at the same time 
of phylogenetic development? 

The study of ontogeny is the peculiar domain of physiology in the 
narrower sense — that is, the mechanics, chemistry, and physics of 
the living organism — so far as the development which takes place 
before our eyes is approachable by direct observation and experi¬ 
ment. That which may be determined inductively concerning the 
life, the origin and fate of plants and the plant world may be got at 
only by following the individual development. 

The riddle of ontogeny, and the question of phylogeny (which 
is well-nigh unanswerable by direct methods) open the door of specu¬ 
lation, and the scope of the problems of the origin and development 
of the organic kingdom are thus discovered. These have stimulated 
many students outside of the circle of the observational and experi¬ 
mental sciences to seek help, or at least suggestion, in philosophy. 

Indeed, at the present time the philosophical element in natural 
science has come strongly to the front. The reawakening of research 
in the theory of descent is indeed the chief cause of this modern phe¬ 
nomenon, which,-1 believe, commenced in the organic natural sciences, 
and then passed over into the inorganic. 
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Whatever we may think on the cause of this phenomenon, philoso¬ 
phy has stepped so far to the foreground within the natural sciences 
that, in discussing the relations of the sciences to the plant physi¬ 
ology of that time, I cannot avoid examining how far philosophy is 
in debt to our science. 

The question what philosophy is has been very variously an¬ 
swered. If we regard it in the widest sense as the science of all being 
and happening, and especially of the underlying principles, it is then 
evident that it, or at least part of it, must form a proper constitu¬ 
ent of the natural sciences. 

The desire to penetrate the ultimate causes of phenomena is 
deeply rooted in mankind. This desire, as Whcwell at one time so 
truly remarked, is a curiosity to reach beyond the goal, to step be¬ 
yond the bounds, which shut in the human spirit. Within these 
bounds rule the experiences of knowledge. Human knowledge shuns 
everything which is not made sure by experience. Thus the limit 
is drawn within which philosophy may and can make itself of ser¬ 
vice in the natural sciences. 

He who follows the development of the natural sciences with a 
comprehensive view must come to the result that a sound philosophy, 
based upon experience, has always existed in natural science. The 
problems which many scientific workers have set themselves are indeed 
of a simple kind, so that a philosophical penetration into the objects 
dealt with may not have been sought for by them. But the masters, 
the leaders, have ever been philosophers, so far as they controlled 
their observations with logical power, bound together scat tered obser¬ 
vations with an intellectual insight held in check by criticism, and 
tested by experience the theories which they formulated. Herein, 
however, is indicated the limit up to which speculation is permissible 
in natural science. Hypothesis may be used as a means, but is justi¬ 
fied only so long as it stands in harmony with experience. 

Such philosophy has obtained since the rejuvenescence of the 
natural sciences, wherefore this period has properly been called the 
inductive; such philosophy will and must always obtain, because 
this kind of philosophy is the living element of natural science. 

I do not have in mind that philosophy used by students of the 
natural sciences, but seldom called so by them, when I spoa o e 
help which they have sought for in philosophy, but rather of that 
of the specific philosophers, or, as I may say, of the speculative 

philosophy, or, in brief, of “philosophy.” 

Highly instructive for the relation of philosophy to the study ot 
natural science is the relation of Newton to the previous philosophers. 
This has been shown by Brewster. 1 The vortex theory of Descartes 

1 Brewster, Sir Isaak Newtons Leben, Deutsche Uebersctzung, Leipzig. 1833, 
p. 278 ff. 
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was a real hindrance to the acceptance of Newton’s theory of the 
motions of the heavenly bodies. And concerning the assertion that 
Newton depended upon Bacon, Brewster has shown conclusively 
that Newton searched out the truth by observation and by experi¬ 
ment in part worked out by himself and partly borrowed from 
Copernicus and Galileo. 

But, in order to speak of the influences of philosophy on botany, 
must we not point out Schleiden, who, it may be presumed, placed 
this science upon a new basis? The methodological basis proposed by 
him, which may be referred back to Kant, had the value of quite 
setting aside the harmful academic philosophy of Schelling, which 
caused not a little confusion among the mediocre botanists of that 
time, and of adhering to exact observation and to the logical pre¬ 
sentation of the facts. But the advance of our science by no means 
took its origin from his philosophical teachings; this was effected 
by students such as Hugo von Mohl and others. Schleiden’s schemati- 
zation of the cell was a fruitful idea, and his activity, in the sense of 
Robert Brown in the field of ontogenetic development, brought a rich 
return. But all this had nothing to do with the Fries-Appelt philoso¬ 
phy, often cited by him, and with his continual reference to Bacon. 
His criticism, however, often overshot the mark in matters of plant 
physiology, and has hindered rather than helped on the develop¬ 
ment of our science. The greater part of Saussure’s experiments he 
cast aside as “completely useless;" the fact that green plants in an 
inclosed space can, in spite of gas exchange, keep the surrounding 
air in a condition in which it remains apparently unchanged qualita¬ 
tively and quantitatively, was regarded as an impossibility, and in 
spite of 1 ngen-Housz and Saussure, it was boldly asserted that Bous- 
singault first proved that green plants absorb carbon dioxid in 
sunlight. Fechner’s views in regard to the irritability of plants, 
with which all physiologists to-day agree, were not only opposed by 
Schleiden from the philosophical standpoint, but he even scouted 
them with derision. 

The whole literature shows how little use “philosophy" has been 
to plant physiology. I will touch upon this with only one example, 
which, however, will show also that students of science themselves 
enter into abstract thought so far as it is advantageous to them in 
the solution of their problems. Schopenhauer, in his work, Zur Phi¬ 
losophic und Wissenschaft der Natur (1851), broke a lance for the 
doctrine of vital force. His arguments against the purely mechanical 
conception of life are completely justified; but it was these same 
arguments which were advanced ten years ago by Johannes Muller. 
So far as Schopenhauer and Muller are in accord with one an¬ 
other on this point, the student of science can follow the philo¬ 
sopher. But when he encroaches on the field of metaphysics, and 
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identifies vital force with the will, he can offer nothing further to 
the scientist. 

As often as philosophy has disturbed natural science, as did the 
so-called nature philosophy in the period of Schelling, has the sound 
thought of the scientist always repaired the damage which has 
been done to our science by the misuse of the human mental power. 

The marked philosophical movement of to-day in the natural sci¬ 
ences revolves chiefly about the questions of the origin of life, about 
the vital force, about the alternative mechanism or vitalism, and 
about the propriety of a teleological conception of nature. 

The further our knowledge of facts extends, the greater becomes 
the gulf between the lifeless and the dead. Schleiden would have it 
that the yeasts arise spontaneously from the nutritive fluids; even 
after the epoch-making researches of Pasteur the attempt was made 
to show that bacteria arise spontaneously. But this is all past, and 
there is no fact to support the idea that the living can arise from 
the non-living. A new support for the correctness of this view is 
to be found in the conception, supported by an immense amount of 
evidence, that in the organism, also, the organized or living elements 
can arise only from the living. 1 

The specific philosophers have offered us nothing on the question 
of origins. For when Kant, with a far-seeing eye, expressed the view 
that the living may not arise from the non-living, it was the scientist 
in him that spoke. When, on the other hand, Naegeli supported 
the idea of generatio spontanea, and, indeed, represented the view 
that this continues without interruption (while the momsls are 
usually content with the once-for-all origin), this eminent man 
denied the scientist in him, and descended to doctrinaire specula¬ 
tion. So various is the human disposition that the great philosophy 
Kant expressed himself on the question of primal origin for a whole 
century, just as the scientist must at the present moment, while so 
eminently a modern scientist as Naegeli took the position m this 
matter not simply of a philosopher of the monist type, but ra he. 
of a metaphysician. The arguments of E. von Hartmann that th 
is now no generatio aequivoca, because, in view of the sta »i i»> ° 
organic kingdoms, this is no longer necessary, had on ,oU> > 110 c 
upon scientists. . , . ,..i,« 

But the recent attempts of a prominent scientist to' ,nnK . 
problem into the field of physics and chemistry by making an analogy 
between crystal formation in metastabile solutions wit > S P° " 

generation was only an intellectual idea without further consequence 
in leading to. a solution of the question.* 

' Wiener. Die Elemcnlarstruklur und das Wad,stum dcr lebenden Substanz, Wien. 
18 ^ 2 0Jtvfdch Vor/esu rujen iiber Nalurphilosophic. Leipzig. 1902, p. 34., ff. 
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Thus to-day we are resigned as regards the question of the origin 
of life, just as the physicist is as to the origin of matter; and as he 
pursues his studies on the assumption of the existence of matter, so 
also we do best when we take for granted the living stuff, and study 
observationally its nature without speculation upon its first origin. 

The kernel of the doctrine of vitalism, which we have recently 
regarded as dead and buried, was forced again into recognition by 
the great Johannes Muller, after the attempt to reach a purely 
mechanical conception of life had been wrecked. Truly, we may no 
longer hold that in the living individual a force reigns which controls 
everything within. We really see at work within the organism the 
chemical and physical forces which are active in the inorganic world. 
But that which within the organism directs the mechanical forces 
toward a definite goal and unifies harmoniously all that happens 
within a living individual and leads to a particular purpose ( Enhar - 
mony of the Organism) 1 cannot be understood from our experience 
with lifeless nature. 


It has often been attempted to refer the whole life of plants and 
animals to psychological manifestations. This is, however, an ex¬ 
treme view, which fails of profit; while the primitive psychical mani¬ 
festations in the life of plants, particularly with reference to the 
consideration of Fechner, may be allowed some consideration. 

It will be admitted by every far-sighted observer that the purely 
mechanical conception of life has been set aside, but that, however, 
there is no reason to take an extreme vitalistic point of view. In 
order to accentuate the rejection of extreme mechanism in the con¬ 
trol of the organism by means of a certainly unprejudiced judgment, 
I cite the opinion of an eminent physicist and astronomer, which 
was published at the time when the mechanical view of nature was 
in vogue, but which has not been properly appreciated. In August, 
1868, Frederick A. B. Barnard, in his address at the opening of the 
Chicago meeting of the American Association for the Advancement 
of Science, spoke the following words. “The vital principle differs 
from every form of force known to us, and from every other known 
property or quality, in that it confers upon the body which it ani¬ 
mates a special character of individuality, and in that it is incapable 
of being insulated or of being transferred from body to body. We 
know it only through the peculiar organizing power which belongs 
to it, and which is manifested not merely in the chemical changes 
which it determines, but in the external forms which the resulting 
compounds assume.” 2 


The manifestation of mechanical forces in addition to that of 

i p Zwcitc Aufl °ee, Wien, 1902. 
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a specific “ principle ” in the life of organisms could not be better ex¬ 
pressed; and the reference to “ individuality ” is a pregnant thought 
with regard to the enharmony evident in every living form. 

It seemed as if the last traces of teleology would have been effaced 
from biology by Darwin’s theory of selection. No one has expressed 
this more clearly than Schleiden, who, always a tireless opponent of 
every teleological conception, speaking concerning Darwin’s doctrine, 
cried out in triumph at the close of his activity as a student: “Tele¬ 
ology belongs no more to science, but has its place now only in mere 
talk.” 1 His opposition to teleology started from a one-sided, pedantic 
philosophy, but his disputatious arguments gained great weight with 
the majority of the botanists of his time, and his influence in this 
direction has remained, sporadically to be sure, up till our time. Most 
of the botanists of his time were so overawed by him that scarcely 
one of them dared to speak of the purposes of organs or of purpose¬ 
ful arrangements in organisms and so on. And this, as a result, 
worked a desolation in morphology, and made more difficult its union 
with physiology. 

In this also, however, Schleiden by his hypercriticism overshot the 
mark. For it was just this great scientific movement , which Darwin 
set up through the rehabilitation of the doctrine of descent, that of 
necessity placed teleology in its right place. And this teleology, en¬ 
riched by an immense number of facts, contributed materially to the 
advance of the biological sciences. It has also brought it about that 
eminent and scientifically educated philosophers, such as Wundt, 
enforced again the recognition of teleology together with causal¬ 
ity. In this the reaction of natural science upon philosophy is only 
slightly indicated. It extended, however, much further, for the 
rehabilitation of the theory of knowledge is the result of the advance¬ 
ment of natural science; and the cooperation of eminent scienti>ts, 
such as Boltzmann, Mach, Ostwald, Reinkc, and other also scienti¬ 
fically trained philosophers, shows, in the building up of the theory 
of perception, how science entered this field to its advancement. 

That which in the teleological conception concerns transcend¬ 
entalism we leave to the specialists in the theory of knowledge. 
We stand on the ground of experience, and permit of metaphysics, 
as we have said above, only as a source of helpful ideas, which, io\\- 
ever, may be permitted only when they do not negate experience,and 
only so long as they prove themselves useful in opening up to us 
new directions for inductive research. If through this kind of scien¬ 
tific operation the clear area within which we move appears to e 
limited within narrow confines, yet our advance within them is the 
more certain. 

‘ Schleiden, Grundzuge der wsscnschaftlichcn Bolanik, Viorte Auflage. Leipzig. 

1861. Vorrede, p. viii. 
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The wanderings of the academic philosophers on the extreme 
limits of human knowledge, and even beyond them, lead only to 
transitory results, which in turn may be called into question, while 
science advances steadily in its development. A celebrated physicist 
and thinker has said that sound human understanding is a lasting 
product of nature, while philosophy is a meaningless, ephemeral, arti¬ 
ficial product. 1 

Only that philosophy will profit us which has arisen from the true 
spirit of science, even though it advances in the causal and teleo¬ 
logical only by way of description. In the spirit of our descriptive 
methods let us not, when opportunity offers, withhold from speaking 
of the purposefulness of organization, or of purposes and goals in the 
realm of life, as in the adequate observation of a machine. In doing 
so, we renounce the explanation and exposition of final causes of 
things and events; this lies beyond the limits of the knowledge of 
nature and beyond the power of man. 

From mathematics we have greater hope for the furtherance of 
our science. Small beginnings are already visible, which at first 
attain only to a primitive expression in arithmetical representa¬ 
tion of quantitative experiments. A further advance is to be noticed 
in representing mathematically simple physical relations, e. g., to 
express the entrance and exit of gases into and out of the plant as 
phenomena of effusion or gas transpiration, or the graphic repre¬ 
sentation by means of a system of coordinates of the relation of a 
phenomenon (e. g., heliotropism) to a variable factor {e. g., inten¬ 
sity of light). When a simplification of the conception of a morpho¬ 
logical relation (c. g., leaf arrangement) or of a state (e. g., rigidity or 
elasticity of the plant body or the use of light to plants) is possible, 
we use mathematical expressions to advantage, and similarly for 
precise illustration of certain principles (e. g., by means of the bio¬ 
chronic equation of H. de Vries), etc. 

Yet these are, as we have said, only small beginnings. Mathe¬ 
matical calculation plays yet a very minor role in plant physiology 
because, in the lack of deeper knowledge of the facts, everything 
seems as if so hidden in a cloud that the congeries of active factors 
may not yet be brought to a corresponding mathematical form; 
that the setting up of a mathematical formula or equation of any 
kind from which, upon the basis of adequate observations, future 
conditions may be inferred, appears not }*et possible. Animal physi¬ 
ology has already taken the lead, in that in some questions it uses 
the differential equation, and so it may be expected that mathe¬ 
matical calculation, after the example of physics, will become an 
important means of advance in our science. 

Almost every problem in plant physiology gives us in the pro- 

' E. Mach, Die Analyse der Empfindungcn, Drittc Auflagc, Jena, 1902, p. 29. 
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cess of its solution a reflection of the history of our science, ever 
showing how changeable its limits are and from what various di¬ 
rections, often unexpectedly, its help comes. A pertinent example 
has been already advanced by me, — that of leaf-fail. Allow me to 
give as briefly as possible two other examples of great illustrative 


power. 

The problem of leaf position has been till recently purely descrip¬ 
tive, although treated in part with great mathematical and geo¬ 
metrical precision. Later, by Schwendener, it was brought, as a 
mechanical problem, out of the field of morphology into that of 
physiology. Quite recently it has been shown that, with reference 
to illumination, the simplest positions for lateral and for vertical 
axes, the approximation of leaf positions to the irrational limits of 
value are the most purposeful. Thus the problem of leaf position 
was at first morphological, then physiological, and finally biological, 
or, as we may more precisely say, ecological, whereby it is, however, 
not said that it cannot be further advanced from the side of morpho- 


logy and physiology. t , 

In the second place, our great problem of photosynthesis (carbon 
assimilation). Priestley discovered the excretion of oxygen by the 
plant, Scheele that of carbon dioxid. But neither was able to say 
under what conditions these took place. Ingen-Housz first showed 
that the photosynthesis correlated with oxygen secretion takes 
place only in the green organs of plants under the influence of light- 
The explanations of the chemistry involved which obtained from 
the time of Th. de Saussurc to Boussingault are well known. Ana¬ 
tomy now took a hand, and showed us, in the living body of the 
chlorophyll grain, the place where photosynthesis takes P »«• 
knowledge of the spectrum of chlorophyll, contributed by 1 1 • 
cist, led to the attempt to study the absorption of light b> < 
phyll from the physiological point of view. First it " ,IS sh “' ' 
the pigment chlorophyll by light absorption influences the ; 

of transpiration 1 and then the same in regard to 
The reference of fermentation to an enzymatic process ■ • 

the question whether photosynthesis may not be a P™ (o 

kind. As you know, we are in the midst of a strife o 1 ^ 

whether or not photosynthesis is a matter boun P And now 
condition or has to do merely with an enzyma ,c pn™*- And ‘ 
the chlorophyll question wanders into the rca >■' ° corre lations 
in that on the one hand the view is set forth 
between photosynthesis and the life of plants and 
itself not as a struggle for the elements or for energy, but as a 
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for entropy, 1 and on the other side, the attempt has been made 
to show, on the grounds of observation, what proportion of the 
energy of the sun which is used on the earth by green plants is 
rendered available for the life of organisms. I here come to the 
calculation of Pfaundler and to the beautiful and important re¬ 
searches carried on by Brown and Escombe to determine the 
“economic coefficient,” which have shown approximately how much 
of the sun's energy is fixed by the transpiration of green plants in 
the light, and by photosynthesis. It was found that in sunlight far 
more energy is employed for the purpose of transpiration than for 
that of photosynthesis, and that, in diffuse light, relatively more 
energy, in comparison with transpiration, is consumed in photo¬ 
synthesis than in sunlight. Since we in recent times recognize only 
green plants as autotrophic, the opinion — entirely problematical, to 
be sure — may well arise that life upon the earth must have begun 
with green organisms. Now, however, as you know, it has been 
shown by Hueppe and Winogradski that certain bacteria also fix 
carbon dioxid, and are in every way to be regarded as autotrophic. 
Chlorophyll is, then, not absolutely necessary to photosynthesis; 
but rather has this become to us, according to our present under¬ 
standing, in the course of the development of the plant world, a 
wonderful, purposeful means of building up organic substance 
under the influence of light. 

And yet many more details may thus be advanced, to show that 
even one and the same problem may be brought to its solution by 
the most different branches of science. 

I have, to be sure, only in the most cursory manner tried to show 
how plant physiology has arisen under the influence of the other 
branches of natural science, and, finally becoming a part of botany, 
was advanced by morphology. 

How physiology has come into relation with the other branches of 
science, especially the mental sciences, and has affected practical 
life, has already been dwelt upon by me. 

In order to complete the picture of the interaction of the special 

sciences, I would, at the close, draw attention to the fact that, young 

as plant physiology is. it has been of help to pure science far beyond 

the bounds of botanv. 

• 

I may mention the advance which plant geography, at first espe¬ 
cially a statistical account of the plant world, has made since it was 
organized upon physiological and ecological bases by Schimper, 
Warming, and others. It is no paradox when I say that plant physi¬ 
ology has reacted advantageously upon the further development of 


'Boltzmnnn Dcr zxreife Hauplsalz dcr mechanise}, cn Wdrmetheorie. Vortrag 
Wxener.Akad. d. IW* ch.. Almanack, 1886. p. 2-16. See also L. Pfaundlor, Die 
Weltwirtschaft vn Lichte der Physik, Deutsche Revue, 1902. 
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chemistry, physics, meteorology, and climatology, and upon other 
studies far distantly removed, according to earlier conceptions; and 
that it will do this with still more advantage in the future. Plant 
physiology is often in need of things, e. g., on the part of physics and 
meteorology, which these sciences do not have to give her, so that 
the plant physiologists are compelled to work independently in these 
apparently strange fields. I may recall Pfeffer’s important discoveries 
in osmosis, which, as is well known, have been of great importance 
in the theory of osmotic action. 

In order to learn the actual, but apparently highly overestimated 
mechanical effect of rain upon plants, a close student of this question 
had need of data which were not to be found in the meteorological lit¬ 
erature, and himself determined the weight of the heaviest raindrop, 
its rate of fall, and its kinetic energy. 1 From this study both plant 
physiologv and meteorology profited. The same plant physiologist, 
incidentally to his studies of the use of light by plants, contributed 
to the science of climatology by his thorough observations of photo¬ 
chemical climate. 2 

These are random examples merely, but nevertheless indicate 
that plant physiology is in condition to render service to the so- 
called exact sciences. 

If I should speak a word for the later advantage to physics through 
plant physiology, this might seem to be an oratio pro dome ». For this 
reason I refer to the remarks of a celebrated physicist. Ernst Mach 
says in one of his best known works, “Not only may physics help 
and clarify biology (in the widest sense as the doctrine of life), but 
biologv may stand in this relation to physics. . . . Physics will 
accomplish yet more for biology, after it has grown by means of the 
latter.” 8 

I hasten to a close. I have not intended to present new facts, 
but rather to use well-known ones in order to support my loading 
thought to which I gave voice at the outset. 

I have tried to present to you a picture in which the development 
of plant phvsiology under the influences of the other sciences is por¬ 
trayed; but in reviewing it I feel that it is very incomplete. 

The disproportion between the extent of my duty and the time 
at my disposal will explain in part the failure to realise my aim. 
Still more, however, is this due to the difficulty of my subject for 
one must master all the sciences which stand in relation to plant 
physiology in order to give an effective account of its development. 
On account of the specialization to which we are all committed, 


' Wiesner, BeUrOge zur Kcnnlni. dc, tropischen Begen,. Si'zungsber. d. Wiener. 
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hardly any one is properly fitted to carry out this task. I readily 
admit that there are many others who could have done this better 
than I. Yet I believe that I have drawn for you some of the more 
important outlines of the development of our science. 

As a chief result of my analysis I have shown the evidence of con¬ 
tinual change, of separation and union, of scientific work. Not only 
are the results gained in divided labor united within small special 
fields to the advantage of science. Perhaps of still greater advantage 
is the contact and union of studies which are apparently heteroge¬ 
neous. Fruitful ideas and methods come often enough not from the 
narrowly circumscribed field of study, but to a certain extent from 
outer and apparently foreign realms. And just in the results thus 
obtained, the facts teach us that all human wisdom, all which to-day 
furthers the struggle after knowledge, forms only one great unity, 
which to the individual comes with more reality the deeper he has 
gone into science. 

Yet one thing I would not leave unmentioned at the close. Out of 
the depths of the past, science has emerged, at first a mixture of truth 
and fiction, of the results of study which are often intertwined with 
strange embellishments, inventions, and dark hints. In the older 
writings, and further on in the literature up till the present time, — 
in lessening amount, to be sure, — religious conceptions, or wonder 
at creation, appear side by side with the results of research. But 
throughout the conviction rings that these reflections, much as they 
may be in themselves justified and partake of the noblest aspirations 
of the human mind, must be separated from science, and belong 
to another sphere. 

And yet another form of vague inner impulse still rules, even 
though it has already been much suppressed, in the realm of science, — 
the metaphysical element. A trace of the metaphysical, as salt to 
the bread, will perhaps always remain, because, as already shown, 
thoughts which help the weakness of the human understanding are 
as crutches to the lame. We may be allowed to compromise with 
these small remnants of a once rampant metaphysics, if we enter¬ 
tain such ideas only so long as they do not come into clash with 
our experience, and really help us in the sure way of observation. 
There are indeed optimistic theorists who expect that natural science 
will reach complete fruition only after the last trace of metaphysics 
has been eradicated. 1 

1 E. Mach, he. cit., p. 7. 
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To the very year one century has elapsed since Theodore de Saus- 
sure published his remarkable investigations relating to the nutrition 
of plants and to the influences upon plants of certain well-known 
physical forces. Although preceded by the publications of Duhamel, 
Hales, Ingen-Housz, and Senebier, as well as by those in a somewhat 
different line, by Konrad Sprengel and others, we may look upon 
the work of de Saussure as a wonderful production for his time and 
as strikingly indicative of the status of plant physiological problems 
a century ago. His paper may be regarded in a sense as the original 
charter or constitution of plant physiology. Fortunately, it is as¬ 
signed to an eminent and experienced botanical historian to recite 
the amendments which mark the wonderful growth of this historic 
instrument. There remains, therefore, the task of suggesting j>oiik 
directions of future growth. 

No distinction need here be made between those problems which 
are readily seen to involve the closest work in such other sciences as 
physics and chemistry and those which do not show a relationship 
so close. There is certainly much in physiology which must be based 
upon physics and chemistry, but when dealing with the (AU»cs o 
the activities of living organisms, it is in relatively few cases 
explanations may ever be offered in terms of physics and chemistry 

alone. Nor is it possible to offer such explanations without the 

assistance of these sciences. The progress of the work in physiology 
is indissolubly bound up in the development, of other sciences, lh 
benefits are, however, mutual, and as physiology acknowledges the 
fundamental importance of these related science*, t ie> in urn mus 
acknowledge the important contributions, often of fundamental 
nature, which have resulted through physiological investigation. 

In such a paper it would be impossible to do more than outline 
briefiy some of the relationships of special problems which, for one 
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reason or another, merit emphasis. In general, the problems in plant 
physiology have been well brought out and systematized through 
the monumental work recently completed by Professor Pfeffer. To 
him the science owes a debt of gratitude which may be acknowledged 
as well by one who attempts to suggest future work as by the his¬ 
torian. Again, due recognition should be made of those who have 
in recent years based upon this or any similar topic valedictory 
addresses before various botanical organizations,—notably, those 
of Professors Vines, Ward, Barnes, Reynolds Green, and others. 

The fact that every cell or organ requires its food materials, or at 
least its nutrients, in liquid form, readily emphasizes the funda¬ 
mental importance of those problems suggested by the relation of 
the plant to solutions. The mechanisms for absorption and the general 
and special diosmotic properties of the living cell, all of which have 
been studied with the most consummate skill, have yielded matchless 
results, yet the rewards for future research show at present no dis¬ 
tinct limitations. It has not been possible to determine the nature 
of the plasmatic membrane which directly or indirectly possesses 
such marked powers of selection and accumulation. The conditions 
under which the activities of this membrane may be modified are 
but poorly understood; and it is, perhaps, quite beyond the present 
possibilities to determine the mechanism of this modification, for 
in that must be involved one of the most important vital activities 
of protoplasm. Perhaps when many more data have been accumu¬ 
lated by a study of plants of diverse habitat, the conditions of this 
modification may be more clearly distinguished. It is known that 
continued endosmosis of a particular solute depends largely upon 
the use or transformation of this solute within, yet it is not always 
possible to demonstrate any change in the substance absorbed. In 
any event, it is necessary to ask further light upon the exosmotic 
resistance of the plasmatic membrane to the accumulation of turgor- 
producing substances, or, in other words, to a further explanation 
of what may'be termed one-way penetration. To these phenomena 
the processes of excretion and secretion are closely allied, whether 
they are ultimately, periodically, or continuously the function of cer¬ 
tain protoplasts. 

Further chemical knowledge is needed dealing with the meaning 
of high pressures and of the accommodation of very high pressures 
in the fungi. As a rule, those protoplasts seem to be resistant to 
such high pressures which are also resistant to cold, desiccation, and 
other stimulation. Mayerburg, working under the instruction of 
Professor PfefTer, has recently applied himself to a study of the 
method by means of which the organism may regulate its turgor. 
It is evident that one of two propositions must be assumed, and that 
increased turgor may be produced either ( 1 ) by the penetration 
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of substances from without, or (2) by substances of strong osmotic 
action produced within the cell through the stimulative action of 
external agents. It was determined in this case that in general no 
absorption of the substances bathing the plant occurs; therefore, 
osmotic substances are produced within the cell and largely by in¬ 
creased concentration of the normal organic cell products. The 
extent and method of this capability for turgor regulation are highly 
important, as is also the general question of the relation of turgor 
to growth. In recent times some of the important problems in this 
connection have been well suggested by the work of Ryssleberghe, 
Puriewitsch, Overton, Copeland, and Livingston. 

The absorptive systems of plants seem to be admirably adapted 
for their needs from a diosmotic point of view. Diffusion may, there¬ 
fore, be sufficiently rapid to supply all demands of the absorbing 
cells or organs. Nevertheless, the assumption that ordinarily diffusion 
through the cell and plasmatic membrane is sufficiently rapid prop¬ 
erly to provide for the translocation of metabolic products from cell 
to cell is certainly open to further inquiry. Present knowledge of the 
translocatory processes is insufficient. Plasmatic connections between 
cells are now known to be of common occurrence, and this fact has 
given further interest to the above inquiry. Brown and Escombe 
are of the opinion that the plasmatic connections are eminently 
adapted for all of those phenomena which they have found to belong 
as subsequently mentioned, to multiperforate septa. They claim, 
further, that with slight differences of osmotic pressure the necessary 
concentration of gradient for increased translocation would be very 
simply effected. 

Thus far it has been difficult to throw any light upon cell-absorp¬ 
tion and selection in many complex natural relationships by calling 
in the assistance of the dissociation theory and the ionic relationships 
of the salts in the soil. The external relationships of nutrient sails, 
or the relative abundance of these in substrata supporting vegetal ion, 
constitutes a problem with which the physiologist must be concerned. 
It is only necessary to glance at the results of work done by various 
experiment stations in this country to be convinced of the great 
physiological importance which may be attached to such studies. 

Recent results tend to emphasize the importance of considering 
to a greater degree the physical conditions of the soil, borne have 
even gone so far as to claim that practically all soils contain a suffi¬ 
cient quantity of plant food, and that the all-important question 
is the regulation of the water-supply in accordance with the quality 
of the particular soil. This latter, however, is an error into which 
few physiologists have fallen. Nevertheless, precise studies upon 
the relation of plants to the physical characters of soils afford pro¬ 
blems which should-receive the best attention. Many of the pro- 
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blems are not new, and in a qualitative way, at least, the problem 
of the relationship of the conservation of moisture and the tilth of the 
soil to productiveness has been duly appreciated by the best agro¬ 
nomists. We must notice with regret, therefore, that botanists have 
not always appreciated the importance of such work. Either directly 
or indirectly the water factor is a chief one in regulating the activities 
of the living plant and must be considered from every possible point 
of view. 

It may, perhaps, be less a problem than a routine matter to de¬ 
termine the relation of the rate of absorption of salts in the soil 
solutions to water under the varying conditions of growth and 
transpiration. Nevertheless, information of this nature is important. 

In spite of all the recent work, the physical explanation of the 
ascent of water in trees is a problem which must be mentioned. 
The renewed investigations which have been made along this line 
from an objective point of view will undoubtedly contribute to its 
eventual solution. 

It is a matter of interest that in their studies of the physics of 
transpiration, Brown and Escombe have found evidence to regard 
this process also as a matter of diffusion through multiperforate 
septa, rather than a matter of mass action. It is calculated that by 
diffusion water may pass out of the stomates to an extent as much 
as six times the actual amount of transpiration which has been 
observed in special cases. 

The great number of cytological investigations which have been 
completed within the past ten years indicate notable advancements 
in a most important field; and this is particularly true with rela¬ 
tion to the study of nuclear phenomena. Through this work light 
has been thrown upon many problems of cell physiology and of 
development: and as a result of the latter new theories of heredity 
have been advanced. Nevertheless, the field for investigation has 
been constantly broadened and many new lines of research made 
possible. In spite of the excellent results accomplished, there is yet 
great uncertainty as to the interpretations which have frequently 
been made. In no field of work, perhaps, is it possible for the per¬ 
sonal factor to enter into the results more largely than in this. 
Again, it is unfortunately true that fixed material has been studied 
almost to the exclusion of all other and that even general observa¬ 
tions relating to the conditions of growth have been omitted in 
many instances. Much attention has been bestowed upon the min¬ 
utest details which seem to be of morphological significance in the 
nucleus; but often the purely physiological side has been insuffi¬ 
ciently emphasized. It is quite possible that in different plants 
the exact method of chromosome division, or the manner of nucleo¬ 
lar disappearance, may not be similar; and it is certainly well 
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known that external conditions may considerably modify the de¬ 
tails of spindle formation, and perhaps other details in nuclear and 
cell-division. The important point in every case is to determine if 
the same physiological purpose may be accomplished. 

It is extremely important, however, to the subject of physio¬ 
logy that the methods which have made possible these cytological 
advances shall be extended and utilized in developing a knowledge 
of all of the various activities of the cell. In this way, a clearer 
insight may be given of many abstruse metabolic processes; and 
certainly further light may be thrown upon the matter of protoplas¬ 
mic decompositions and secretions, the production of enzymes and 
alkaloids, tannins and other products. Going hand in hand uith 
observations upon fresh material, the limitations of n^ro-chem- 
istry alone should determine the possibilities in this direction of th 

"°in such cytological investigations, Fischer's work on the artifi¬ 
cial production of effects resembling those seen in fixed protoplasm 
should be borne well in mind. This work is timely, and may assist 
in checking irrational developments by forcing a propei regardIf 
a comparison of the effects observed in fixed tissues iMth those 

shown by the living material. . , f 

There are, moreover, but few directions m which the stud I 
metabolism and metabolic products may not profit from cy o g - 
cal research. A notable instance of what there is to be don • « 
indicated by the work of the late Dr. T.mberlake on the d.ws.on 
of plastids and the development of the starch grain. 

Photosynthesis is a topic which has received a full * are of 
physiological investigation throughout the past centuiy, 
problems demanding attention are too numerous for con M> 
iteration. The mechanism of gaseous exchange in leaves has.epea 
edly been experimentally proved to be the function of tbc stom te. 
After critical physical experimentation, Brown and ^ ' ^ ° 

recently reported that the results of their studies of d ltaiuty 
through multiperforate septa are closely applicable j 

aceous leaf with its stomates and substomatic chambers. 
their calculations to be correct and granting m sUimat es 

ing carbon dioxide is removed, it is estimated that I, tt ^ ^ 

open the maximum observed rate hour)'would be only 

(which is .134 c.c. per square centimete pc diffusion appa- 

5.2 to 6.3 per cent. o£ the th^.W o-P-t’ [ f ““'L 
ratus of the plant. In 0 ‘h* r words^ wrth ^ ^ maximu m 
outer and inner air of only 5 to o.o per ce i 

observed fixation is well accounted for. photoS ynthesis may 

Important problems in the general s 1 r 

well begin with that of a better knowledge of the structure 
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chloroplasts and the constitution of chlorophyll. Neither of these, 
however, is absolutely essential to further physiological observa¬ 
tions of a fruitful kind. One of the questions long ago raised is still 
pertinent: what is the connection between chlorophyll and the 
plastid in which it is imbedded? An answer to this question may 
perhaps afford in time an answer to the general inquiry as to the 
location of the true photosynthetic property. If chlorophyll is al¬ 
ways the same chemically, it is perhaps probable that the first pro¬ 
duct of photosynthesis may always be the same, although this is 
not necessarily true. In any case, the chief problems hinge upon the 
method of decomposition of carbon dioxide and water and the syn¬ 
thesis of the first organic product. Neither the hypothesis of Bayer, 
Erlenmeyer, Crato, Bach, Putz, nor any other, has, to any consid¬ 
erable degree, been made capable of experimental proof, although 
that of Bayer has been most generally accepted. Each of these 
assumptions offers some suggestions for future work. Perhaps it 
may as well be said that they, to a certain extent, bias future re¬ 
search. Nevertheless, even when the chemical reactions in this 
synthesis become known it may yet remain problematical how the 
energy of sunlight, that is, of those rays most absorbed, with wave 
lengths of 660 to 680 fi, is made available, or whether it is this energy 
directly or indirectly which is concerned in the decomposition. It 
has been well assumed that the light-waves may not be immediately 
serviceable, but only after the transformation into other forms of 
energy. Further, it is not known to what extent this energy is oper¬ 
ative in subsequent transformations. The conditions under which 
photosynthesis occurs have been worked out with a fair degree of 
accuracy, the status of these problems having been well set forth 
by Ewart and others. It is known that when deleterious agents act 
at a given concentration merely to inhibit the assimilatory function 
(the cell not being permanently injured) there is no evident change 
in the chlorophyll, from which it has been inferred that the assim¬ 
ilatory arrest has its origin in the plasmatic stroma. In all cases 
photosynthesis cannot long proceed except under conditions of 
health of the protoplasts. Nevertheless, the effects of deleterious 
agents have not always been studied by very delicate tests, and 
further attention might be bestowed upon this matter by the use of 
the photobacterial method, or other delicate methods, recently sug¬ 
gested, for it is of considerable interest to determine the relation 
of the photosynthetic activity to such agents as compared with 
other activities. 

Recently the effects of temperature on photosynthesis have been 
carefully worked out by Miss Matthaei. She states that the curve 
of synthetic activity rises with the increased temperature, that it 
is in general convex to the temperature abscissa) and somewhat 
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similar to the curve of relation between temperature and respira¬ 
tion. There is a certain maximum for each temperature. It has also 
been ascertained that there is a certain economic light intensity 
beyond which there is no increased photosvnthetic activity, and 
doubtless only injury. This is of special interest in connection with 
some recent work by Weis. Recognizing the facts that plants are of 
very different types with relation to their light requirements, he has 
sought to get an expression of their assimilatory energy. He finds 
that CEnothera biennis, a well-marked sun plant, fixes under favor¬ 
able conditions of temperature, and in direct sunlight, about three 
times as much C0 2 as in diffuse light (light of one sixtieth to one 
ninetieth this intensity). On the other hand, Polypodium vulgare 
assimilates in diffuse light somewhat more energetically than in 
direct, while Marchantia polymorpha occupies a position intermedi¬ 
ate. This will be welcomed by physiologists as a field for whole¬ 
some ecological study, for an extension of such investigations to an 
analysis of plant associations with relation to the light factoi may 
yield profitable results. 

In 1901, Freidel made the surprising report of success in securing 
outside of the living plant a gas exchange similar to the photosyn¬ 
thetic action of chlorophyll. He was later unable to confirm his 
previous conclusions, nor were the subsequent results of Macchiatn 
and Herzog concordant. Recently, Molisch has employed upon this 
problem the photobacterial method of Bcijernick. He finds that 
the expressed sap of certain plants may for a time maintain photo¬ 
synthetic activity, but since usually the sap loses this power when 
filtered through a Chamberlain filter, it is believed to be due to the 
presence of living plasmatic particles. Nevertheless, it is < aimcc 
that an exchange of gases characteristic of photosynthesis may pro¬ 
ceed in a solution of the leaves of Lamium album dried crisp at i.) 
C. and then “ rubbed up" in water and filtered. The observation 
demands much further study, for it must be remembered that the 
test is by means of the liberation of oxygen, and Ewart lm* sho\ 
that some bacterial pigments may have the power of evolving 
oxygen. In the last-named case the gas evolved appears to ^ as 
he states, “occluded oxygen absorbed from the air by the pigment 

substance excreted by the bacteria." 

It cannot be stated at the present time, however, ns was as.,umcd 
from Freidel's first work, that there is any enzyme concerned in 


photosynthetic activity. , . ... • • 

To a large extent the problems involved in a stu<ly of theass.rm- 
lation of nitrogen are limited by the very imperfect chemical know¬ 
ledge of nitrogenous products, and may not. therefore be very 
clearly defined. Practically, the whole question of the formation 
of amides, proteids, or other nitrogenous compounds in plants 
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remains in obscurity. It is known that these are formed in both 
non-chlorophyllous and chlorophyllous plants, and that while in the 
former it may proceed in darkness, in the latter, light is apparently 
required for the most vigorous synthesis. In the latter case it may 
seem to suggest that there is need of the active cooperation of the 
chlorophyll apparatus; but here again the influence may be only 
indirect, since the roots, as well as the aerial parts of chlorophyll¬ 
bearing plants, are said to possess, to a certain extent, this synthetic 
power. Interesting suggestions have been recently made by God- 
lewski. The part played in photosynthesis by nucleus and cytoplasm, 
respectively, is unknown and may be important. 

Some careful studies have been made dealing with the sources 
of organic nitrogen in certain of the molds, but owing to the very 
great variety of fungous habitats, further studies may indicate 
unusual specialization, — perhaps even to such extent as is now 
known to be true with the bacteria. 


Saida has confirmed and extended the early work of Puriewitsch 
and others, clearly demonstrating that under certain conditions 
some of the fungi are able to utilize to a variable degree the atmo¬ 
spheric nitrogen. It would be interesting in this connection to give 
further attention to various groups of saprophytic fungi. In a pub¬ 
lic lecture Moore has recently made known the results of remark¬ 
ably definite experiments showing that the organism (or organisms) 
of leguminous tubercles assimilates free nitrogen apart from its 
hosts, and that, therefore, the symbiotic association gives the para¬ 
site no nitrogen-assimilating advantages. Moreover, this nitrogen- 
assimilating capacity increases under conditions of artificial culture, 
and this increased power is heritable to a considerable extent at 
least. This is an important fact and deserves further attention. 

Recently Reinke, Benecke, and others have focused our atten¬ 
tion upon the nitrogen supply in sea-water. They find that the 
organisms Clostridium Pasteurianum and Azotobaklcr chroococcum 
are found in the ooze of sea-bottoms; and the suggestion is made 
that the external but nevertheless close association of these micro¬ 
organisms with certain marine alga* may explain the power of these 
alga; to grow so vigorously in situations in which they are found. 
The nitrogen supply is probably one of the most important prob¬ 
lems relating to the marine alga;. It is to be borne in mind, however, 
that the question of fundamental interest is always that of how 


these micro-organisms are able to utilize the nitrogen which is ab¬ 
sorbed in gaseous state. No such power is known among phanero¬ 
gams. It has not yet been demonstrated to be possible with the 
lower alg:c, and certainly none of the interesting results so far ob¬ 
tained indicate that it is a very fundamental character of fungi 
and bacteria. In this connection, perhaps, it may also be stated 
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that nothing whatever is known concerning the method by which 
carbon dioxide is chemo-synthetically utilized by the nitrite and 


nitrate bacteria. 

There are many interesting problems afforded by the general 
phenomena of metabolism, with relation both to those products 
which may be immediately utilized and to those which may be stored 
up for future use. It is well known that during active growth special 
foods may be taken out of circulation and stored up. The stimulus 
to such storage is not easily determined. In many instances it is 
apparently the protoplasm which is decomposed in order that these 
storage products may be formed; therefore, so far as possible a 
study of all protoplasmic decomposition phenomena is especially 
necessary. The deposition of the cell-plate and the storage of reserve 
cellulose are especially interesting. It will be extremely difficult to 
follow the succession of changes involved, yet some information will 


undoubtedly be gained. 

The migration of compounds, particularly of those containing 
nitrogen, magnesium, and potash, to growing vegetative parts and 
to the developing seed is most remarkable. The production, whether 
regulatory or otherwise, of the numerous by-products in the cell, 
such as tannin, pigments, organic acids, etc., is also of peculiar inter¬ 
est. The functions of some of these compounds must be most im¬ 
portant, and should receive further attention. Tannin, particularly, 
is doubtless of much economic importance in the regulation of turgor 
and in augmenting the resistance to injurious external agents. Astrue 
has recently shown that acids arc found in the younger parts of non¬ 
succulents and mostly in the region of maximum turgescence; and 
that there is a progressive decrease of such compounds in the older 
organs. In succulents, moreover, very slight changes in the externa 

conditions materially affect the acid content. . ... 

It cannot be expected that all of the information desirable with 
relation to the composition and action of hydrolysing and oxKhsug 
enzymes will be obtainable until more is known of the protcidj 
which group the ferments seem to belong, or with which i . 
at least closely related. Whether these enzymes are c0 ^ pr "°‘ l 
the metamorphoses involved in rendering solu c or 
pectin, proteids, glucosides, starches, cellulose, a s. or . *• » 

physiological activities are in the highest degree rem^al le -d 
worthy of the closest study. The problems -hich relate to their 
occurrence, composition, production, and action r i . j 

the combined attention of physiologists and 'Tgamc and ph^ a 1 
chemists. In recent times, through the work of Brown 
Fischer, Green, Prescott, Vines, Loew, Be.jermck Newcombe 
Woods, and many others, these compounds have received renewed 
attention. It may be that at present too many obscure phenomena 



134 PLANT PHYSIOLOGY 

are passed over with the superficial explanation that they are the 
result of enzyme action, and, therefore, require no further considera¬ 
tion. It is known that the ferments are largely concerned with the 
regulatory production or modification of numerous metabolic pro¬ 
ducts. The activity of each enzyme is circumscribed, yet the power 
to do work borders upon the miraculous. It is asserted that invertm 
mav invert 100,000 times its volume of cane-sugar, and pepsin may 
transform 800,000 times its volume of proteids. The chemist is 
especially concerned with the composition and occurrence of these, 
but the physiologist is interested not alone in the occurrence and 
specific action of the enzymes, but also with the effects upon the 
general metabolism of the individual plant, with the methods and 
conditions regulating the secretion of these products, and with their 
vitalities or limiting external conditions. Ferments may be concerned 
with external cellular digestion, that is, with the solution and absorp¬ 
tion of foodstuffs from without, thus necessitating exosmosis, or 
with intracellular modifications, preparatory to the direct use of the 
substances modified in metabolism or in translocation. Again, the 
ferments may be present only at a certain definite period in the life 
of a cell, produced, undoubtedly, by special requirements and special 
stimulation. 

When isolated, or at least when outside of the cell, many enzymes 
are most active at temperatures far above those which may be main¬ 
tained within the living cell. An explanation of this fact is difficult. 
Comparative studies of their reactions to light, heat, toxic agents, 
and other stimuli should be made. In the penetration of parasites, 
cellulose-dissolving ferments are important, but further information 
is needed before it can be said that the presence or absence of such 
enzymes to any great extent affects the resistance of certain varieties 
and species to fungous attacks. It has been stated that the resistance 
of plants to fungous attacks is due largely to the presence of certain 
enzymes or toxalbumens present in the cells of the host; and by 
others it has been suggested that susceptibility is frequently a special 
property due to the presence of certain oxidases, which are regulated 
by external conditions. 

It has been shown that the mosaic disease of tobacco and other 
similar diseases are accompanied by certain oxidase ferments which 
appear to prevent the digestion of reserve food. The ferment is de¬ 
veloped in the growing parts of the plant, it may be transferred 
from plant to plant, and on the decay of the diseased organism, it is 
supposed to be set free in the soil. It is believed that it is then capable 
of diosmosis and infection of the young seedling. While it cannot 
be shown at present that the enzyme is beyond all question the 
direct cause of the disease, this field of work is certainly one which 
might yield most interesting results. In this connection it may be 
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stated that peach “yellows” and several other important contagious 
diseases are believed to be of somewhat similar nature. It is also 
claimed that the keeping qualities of fruits may bear a certain relation 
to the amount of enzymes present at the time of storage; and, there¬ 
fore, a knowledge of the time and conditions of the production of 
such enzymes would have great economic value. 

In general, Czapek found no enzymes to occur in the excretions 
from the roots of higher plants, and it is now generally believed that 
the roots of one plant may develop no excretions injurious to neigh¬ 
boring plants, and, therefore, there may be no biological relation 
between the roots of non-parasitic plants associated in the given 
plant society. It must be said, however, that the information at 
hand may not be taken as final. There are yet some peculiar facts 
with relation to the rotation of crops which may not be readily 
explained on the grounds of the exhaustion of plant nutrients or of 
the physical condition of the soil. 

The fermentation of tobacco and tea, or hay and manure, involves 
enzyme actions which in recent times have received some attention, 
although the problems which are of most physiological importance 
require solution. The general belief is that in all cases of enzyme 
action these compounds do not form a part of the substance upon 
which their action is exerted, but they act as a key in each particular 
case, unlocking, or rendering labile, a certain organic compound, 
which is then subject to rearrangement and transformation. 1 Ins 
is all, however, too speculative for profitable consideration, although 
such speculation may have no evil influence if it is not permittee 
to encourage the reference of all unusual phenomena to an unusually 


obscure and difficult process. 

The early perfection of water-culture methods permitted a careful 
study of the mineral nutrient requirements in the higher plants. 
Pure culture methods have afforded a more accurate means of stum - 
ing the needs of fungi and certain alg*. As usually installed, water 
cultures of the higher plants contain bacteria, so that they aftou 
only a practical test of the requirements. The problem deiiiam s 
some confirmatory tests, at least, under pure culture condHions 
particularly when organic compounds are employed. IS p ° 
to grow, in a limited way, higher plants under pure culture con< '‘ ,0 " S p 
With the fungi, exact studies may be made upon the influence 
of the different nutrients on the general form and upon the produc- 
tion of conidia, etc. It has been found, for instance, that, in the 
absence of potassium, Sterigmatocylis niger may produce no conidia 
or very curious modifications of the conidiophores. By far the most 
interesting problems with relation to the mineral nutrients are those 
which have to do with the roles of these elements in metabolism. 
The effect of the lack of one or another element is made manifest b 5 
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some general macroscopic change, and sooner or later, by disturbing 
pathological changes and subsequent death. It is reported, for ex¬ 
ample, that the absence of iron prevents the development of a healthy 
green color, and a scarcity of potassium is made evident, especially 
in reduced photosynthesis. 

We are yet merely at the threshold of these problems. A cytological 
and microchemical study of numerous plants in various conditions 
of culture is needed. Loew has instituted some good work in this 
direction. He attempted a careful microscopic study of Spirogyra 
under the conditions indicated. Although well rewarded, he has not 
followed up the result. The problem is, nevertheless, again under 
serious investigation, and when much time and thought shall have 
been devoted to it, with the utilization of the best cytological methods 
available, important results may be anticipated. The possibilities 
of the future are particularly dependent upon this, that investigation 
must be made of all macroscopic changes as well as of all demon¬ 
strable microscopic changes. 

The interrelations of parasites and hosts, or of symbionts, are of 
such great physiological interest that some of the most significant 
problems may not justly be omitted in this connection. It has long 
been assumed that the conditions of nutrition of a host plant deter¬ 
mine to a considerable extent its immunity to parasitic attack. Ward 
was unable to detect in the bromes any modification of resistance 
due to either high cultivation or to lack of sufficient mineral nutrients. 

The results which have been attained with the Uredinace© have 
established the fact of the existence of“ biologic forms.” This opened 
a new problem in the study of the Uredinaceie and it was later ascer¬ 
tained that similar host-restricted forms are present in other groups 
of the fungi, especially in the powdery mildew Erysiphe graminis. 
Salmon has found bridging host species by means of which the para¬ 
site may pass from one species or host to another; for example, the 
form of E. graminis on Bromus racemosus is incapable of affecting 
B. commutatus, but does not fail to affect B. hordcaceus; and the spores 
produced on the latter will then affect the previously immune B. com¬ 
mutatus. From infection studies it is further found that there are 
biologic forms among the grass hosts as well. Salmon reports that this 
restriction of the parasite to certain hosts may be broken down if 
the vitality of the leaf has been lowered by traumatic means. In 
this case penetration would result either in the injured area or cer¬ 
tainly within the sphere of the traumatic influence. Spores produced 
bv such infections proved capable of infecting uninjured leaves. The 
application of these results is certainly far-reaching; yet they must 
be extended and confirmed before a conservative explanation may 
be advanced. It is undoubtedly more or less in line with the well- 
known capacity of such fungi as Botrytis, Neclria, and certain Basidio- 
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mycetes to become parasitic under special conditions. Two leading 
inquiries may be suggested: (1) What constitutes immunity or 
resistance in the host? (2) What constitutes virulence or attenuation 

in the parasite? . 

As the result of practical experiments in cross-inoculation, on the 
one hand, and of close morphological study, on the other, some in¬ 
vestigators have long claimed that there are racial or specific differ¬ 
ences between the organisms producing the tubercles on the roots of 
certain leguminous plants. From the results obtained by Mooie 
(in the U. S. Department of Agriculture) which have been reported 
but not yet published, I am permitted to recite a further interesting 
fact of accommodation. When an organism isolated from one host 
species is grown for a time artificially, under special conditions of 
nutrition, its host limitations arc in great measure broken ( ou n, 
and it may produce tubercles on a variety of leguminous plan s. 
It is likewise conceivable that in the case of certain yeasts the tei - 
peratures at which spores are formed, and the specific fermentative 
activities, may be changed by special conditions of cultivation. 

In view, therefore, of the work already accomplished it is certainly 
evident that the propriety of basing what are termed spec.es upo 
certain physiological characters has distinct limitations. I do not 
intend to bring into this paper a discussion of the inadequacy of t 
present nomenclature system from a physiological point of yen 
It may be said, however, that it is scarcely possible for the »yste - 
atist to consider all physiological characteristics or to nppreciat 

the confused ideals of the physiologist. .... . M m<w , p 

Stimulated by the marked advancement which has lieen in^e n 
physical chemistry, especially in the knowledge of electroly k- du 
sociation, the past few years have added much to our fuld " f ". 
ation with relation to the toxic action upon plants of solutions 
both acids and salts, as well also as of certain -n-e ectroly e . Th 
work of Kahlenberg and True. Heald. Kron.g and Paul, C'ark. . 
others has contributed enough data for an appreciation of H » 
itations of toxic action. Nevertheless, no broad ^"eral ' . e 

as yet possible. Indeed, it is not generalisations which are «. nted. 

but further experimental data bearing upon t ie re a ion 

ity of the ions and molecules and their respective interad.ons. 

Studies may well be made dealing with the relation of nut Um. 
to toxic agents, the effects of temperature and other conditions 
upon such action, and the accommodation of organisms to increas 

ing strengths of deleterious agents. Nacge 1 s «or 
dynamic action of copper is beginning to be appreciated d * 
way or another the results have in recent times been repeated^ 
confirmed. In most cases, however, no allowance has been made 
for the action of the nutrient salts which may be pres 



138 


PLANT PHYSIOLOGY 


culture fluid and which may affect in a very dissimilar way two 
different electrolytes. In this connection it is only necessary to call 
attention to the toxic action of certain compounds of mercury, in 
which increased toxicity, due to the presence of small amounts of 
some other salt of the same acid as the mercury salt used, is indeed 
quite remarkable. Within the past few months an unusually inter¬ 
esting paper has appeared in which Kanda reports the action of 
certain toxic agents upon plants grown in pots as compared with 
those plants grown in water cultures. His important conclusions 
are as follows: (1) A strongly dilute copper sulphate solution, even 
0.000,000,249 per cent, is injurious to seedlings of the common garden 
pea in water cultures; and neither a solution ten times nor one a 
hundred times more dilute produced any stimulative effect. (2) In 
pot experiments with soil, the same seedlings are uninjured when 
watered twice a week during a period of from five to eight weeks 
with a solution of .249 per cent; in other words, even after from 
five to seven grams of copper sulphate were present in each pot. 
No explanation is offered of this remarkable diversity of action, 
but within the past few months another paper has appeared which 
may throw light upon the results given. True has ascertained that 
finely divided paraffin, quartz-sand, filter-paper, or other insoluble 
substances are all found to reduce the toxic action of the deleterious 
salt. It is explained on the assumption of an absorption of the toxic 
molecules by the surface of the insoluble particles. Increasing the 
number of grains of sand, for instance, in any toxic solution pro¬ 
duced the same effect as increasing the dilution. From the results 
of these two papers it would seem, therefore, that we have two 
entirely different sets of conditions to deal with when any test of 
such action is made in water cultures, on the one hand, and in soils, 
on the other. If Kanda’s results are confirmed, an extensive series 
of tests with both fungi and higher plants should be made in order 
to determine some relation which may give a working basis for 
further comparisons. In fact, much of the work thus far done will 
have to be reexamined in the light of these results, for if any pre¬ 
cipitate or other solid particles have been present in the solutions, 
an error will enter into the calculations. The question will also arise 
it the surface extent of the vessel used in the culture is of any con¬ 
sequence. The practical bearing of these results in the treatment of 
soils is a matter which may prove of unusual economic interest. 

Locw observed that marked injury results when such a plant as 
Sbiroq\jra is placed in a solution of a magnesium salt, or in a solution 
in which magnesium is in excess. From all of the results obtained 
Loew has inferred that there is present in all plants requiring cal¬ 
cium an essential calcium protein compound. When magnesium 
owin S t0 the predominance of this element, be substituted 
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for calcium in this proteid compound, there results a lessening of the 
capacity for imbibition, attended by unfavorable consequences. 
It has been further ascertained by the work of May, Kearney and 
Cameron, Kusano, Aso, and others, that there is for each plant a 
certain more or less definite relation between calcium and magnesium. 
Nevertheless, further experimental proof is needed before this 
brilliant hypothesis may be acceptable in its entirety. It may here 
be noted that in a paper read by the writer before the Society for 
Plant Morphology and Physiology it is indicated that magnesium 
compounds exert upon the marine alga; the least injurious action of 
all nutrient bases. On the other hand, it has not been demonstrated 
that the marine alga; require calcium. 

The general phenomenon of chemotaxy, or chemotropism, de- 
mands searching investigation in view of the recent work of Jen¬ 
nings on flagellates, that of Newcombe on root responses, and other 
studies on the fungi. There is much to be done in determining the 
effects of heat and cold upon special processes, in a study of the 
relations of temperatures to other conditions of the environment, 
and in showing the limitations of accommodation phenomena. 
In the latter study, moreover, the effects of accommodation upon 
the general constitution of the organism should be followed. Stimu¬ 
lation at high or low temperatures merely expresses an intensified 
or modified irritability. It may be observed in this place that death 
at the supramaximal or subminimal may be due to changes of a 
very definite nature; but, as Vines has indicated, this means very 
little. To say that death at the supramaximal is due to the coagu¬ 
lation of an albuminoid as suggested by Kueline is insufficient. 
For the immediate effect upon the protoplasm of tins high tem¬ 
perature must also be of consequence. The external conditions of 
temperature of the effects of a modification of conditions arc more 
or less readily determinable; but it has not been poss.b e to foll.m 
the internal changes which result. It may be noted that the freezing- 
point of a plant is lower than that of the expressed sap: yet o 
course the freezing-point is not necessarily a valuable indicator 
injury. The effects of temperature upon reproduction will be 

° f ThTsymbiotic relationship of fungus and root to U„corhha i offers 
a fine opportunity for careful investigation. The studies " ' ^a 
already been made serve only to put the reader... a state of l.opele-s 

C °The universal phenomenon of irritability as manifested by trophic 
phenomena has been a fruitful field of investigation. ' e , . 

methods of irritable response have been determine , anc 1 - 

work of such investigators as Haberlandt. Noll, Czape , -e\\c' ' 

MacDougal, and others has more recently been three tec o 1 
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problems relating to the internal mechanism of response and to the 
exact methods of transmission of the stimulus, as well as to the 
immediate changes in the cells affected. 

A word may be said concerning the regeneration phenomena, 
which are strikingly characteristic of the lower groups of plants, 
but which in the higher plants do not seem to be well emphasized, 
and are certainly less understood. The regeneration of the root-tip has 
been best studied. In none of the higher plants has it been possible 
from a single isolated active non-sexual cell, or a small group of 
cells, to regenerate the plant. 

Although a study of the physiology of reproduction may be said 
to have had its origin in the early observations of Camerarius, all 
early studies represented largely only the ecological aspect of the 
subject. It is only in very recent years that rapid strides have been 
made in the general physiology of reproduction. The effect of con¬ 
ditions upon the production of antheridial or archegonial thalli, 
or of pistillate or staminate flowers among dicecious and polygamous 
plants, has received very slight attention. During the present year 
Laurent has published the results of experimentation during a period 
of seven years with the effects of fertilizers, or plant nutrients, 
upon spinach, hemp, and Mercurialias annua. It will be seen that 
according to his results an excess of nitrogen or calcium has a tend¬ 
ency to produce staminate flowers in the spinach, while potassium 
or phosphorus tends to increase the production of pistillate flowers. 
The seed produced on the pistillate flowers of these plants gave a 
preponderance of female plants; but from these plants, in turn, 
the seed yielded a larger number of staminate plants. So far as I 
have been able to learn, it has never been determined if in a case of 
dimcious perennial plants it is possible by a change of conditions to 
induce a temporary or permanent change from pistillate to stamin¬ 
ate flowers, or vice versa. In the same way, the influence of graft¬ 
ing or budding a scion of one upon the other has not been made out, 
although it is assumed that the flower will be characteristic of the 
scion. 


It is with reference to the effects of external conditions upon the 
production of sexual and asexual fruiting organs that unusual 
progress has been made. In this direction a field of great magnitude 
has been opened by the work of Klebs. and it is evidently being 
pursued along all possible lines. As yet this work has been extended 
only to a few green algie (as, for example, Hydrodictyon and Fan- 
chcria); several fungi (.Sporodinia grandis and Saprolcgnia mixta 
especially); certain yeasts and bacteria, and finally, to several spe¬ 
cies of phanerogams. While with the alga the light relation is of pre¬ 
vailing importance. with the fungi it is more particularly a matter 
nutrition or transpiration. As a rule, with the latter Klebs finds 
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the stimulus to reproduction in the failure of the food-supply in the 
immediate vicinity of growth. That is, beginning with a well-nour¬ 
ished mycelium, a diminution of food-supply, other conditions being 
constant, usually compels reproduction. A change in the specific 
chemical content may be effective, and in other cases there are other 
concurrent stimuli. In the study of phanerogams it would seem 
that the problem is one which is, as a rule, far more complex. It has, 
however, been found possible with a few species to produce at will 
continuous vegetative growth or continuous flowering, to induce 
fruiting in a well-nourished vegetative shoot, and to incite vegetative 
growth in a flowering axis. It is probable that all shades of differ¬ 
ence will be found in the capability of plants to have these processes 
distinguished by releasing stimuli; and it remains for the future to 
determine to what extent this is possible. 

The general law which seems to be warranted is, that conditions 
most favorable for growth do not favor reproduction. The problem, 
then, is to determine for every organism what arc these conditions 
under which, on the one side, growth, and on the other, reproduction, 
may occur. Whether, under any circumstances, the complete cycle 
of development may be run without any change in conditions ap¬ 
parently awaits proof. 

In grafting it would seem that seldom, if ever, do any characters 
of the stock pass into those of the scion except such characters as 
may be due to the presence of diffusible metabolic products, or pio- 
ducts capable of self-propagation upon requisite stimulation. In 
this manner it has been shown that albinism may be transmitted 
from stock to scion. Again, Strasburger has indicated that atropin 
is accumulated in the potato when on a potato stock there is grafted 
a scion of Datura stramonium. It has been found that hardiness 
in the stock may affect the scion to a marked degree, but here the 
real problem is to determine what constitutes hardiness. 

Fusion possibilities in vegetative cells are more or less common 
in all groups of plants. In basidiomycetes parallel filaments fuse 
under many conditions of development, and a pseudopaienc i> 
matous tissue may result. In grafting, the layers which fuse may 
represent different species or even different genera. Lilt e i> mown 
concerning the factors influencing such fusions. Allusion may also 
be made to the fact that plasmodia of the same species of myxomy- 
cetes (at least, when produced in nearly similar conditions) fuse 
with one another. It should be accurately determined if this is an 
inherent property of the same race or species only, and if this fusion 
tendency may be weakened or dissipated by diversity of conditions 
under which the plants may be grown. The solution of such pro¬ 
blems with simple and rapidly culturablc organisms may even throw 
some light upon the more complex problems of self-sterility am 
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prepotcnce (in the sense in which these terms are used horticultural^) 
in higher plants — phenomena which may not be explained with 
present information. It has been found that tomato and tobacco 
fruits are sometimes formed without pollination; and the same is 
true of other plants. In certain cucurbits the act of pollination 
seems to afford a stimulus for the development of the fruit, even 
the dead pollen serving to call forth this response. Under such cir¬ 
cumstances it may well be that other chemical stimuli may produce 
the same effect. On the whole, there are no more interesting pro¬ 
blems in physiology than those relating to pollination, the penetra¬ 
tion of the pollen tube, and conditions of fertilization. Many phases 
of these problems have thus far been studied by gardeners and 
horticulturists alone. 

In this connection may be mentioned another fusion phenomenon 
of physiological interest, — that of double fertilization in the angio- 
sperms. This fusion of the second sperm nucleus with the endo¬ 
sperm nucleus (itself a compound of two nuclei of the gametic 
groups) or with one of the polar nuclei, may have a special signifi¬ 
cance, or it may be merely the expression of the fusion tendency 
which has not been lost, although the function of the endosperm 
nucleus may have undergone specialization. In the case of the 
pine, it will be remembered that the second sperm nucleus fre¬ 
quently undergoes division in the cytoplasm of the egg. What is 
meant by the fusion of the gametes? This is always a fundamental 
problem. It may be strictly a matter of the fusion of characters, or 
it may further be a stimulus to embryonic growth. It is a remark¬ 
able fact, however, that this stimulus to embryonic growth does not 
merely involve the embryo itself. The limitations of the correlations 
which seem to exist between the mere process of fertilization and 
incitation to growth in the cxtra-carpellary structures are extremely 
complex. On the other hand, the process of fusion is often imme¬ 
diately followed by the resting period. 

It would be extremely well if further attention could be directed 
to the matter of parthenogenesis in the higher plants. Except in 
the case of Nathanson’s studies upon Marsilia, little has been done 
to indicate the conditions which may induce or which may tend 
to induce this process. In recent years, artificial fertilization, or 
stimulus to a certain growth of the egg in the lower animals, has 
been efYcctcd by chemical agents, by changes in the density of the 
solution, and by other means. This work has demanded world-wide 
attention from animal physiologists. It has been too much neglected 
from a botanical point of view, although the difficulties involved 
in similar studies with plants would be. for the most part, immeas¬ 
urably greater. Yet it is certainly possible to prosecute such studies 
along the lines indicated. 
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Except in the case of Sporodinia grandis, and perhaps one or two 
other species of Mucoracece, mycologists have experienced great 
difficulty in securing the zygosporic stage of these fungi. The recent 
paper by Blakeslee, announcing the conditions governing zygo¬ 
sporic formation in this family, seems to open a field for investiga¬ 
tion wholly novel and suggestive. The substance of his results is 
that this family may be divided into two principal categories, desig¬ 
nated, respectively, as homothallic and heterothallic, these terms 
corresponding to monoecious and dioecious forms among higher 
plants. Sporodinia grandis belongs to the homothallic type, both 
gametes in every union developing from the same thallus. Rhtzopus 
nigricans belongs to the second and larger class, the heterothallic 
type, in which the two gametes are invariably the product of two 
mycelia, which mycelia are sometimes of diverse vigor. When, in 
culture, the two strains, as they are termed, grow together, zygo¬ 
spores are abundantly produced along the lines of contact. 1 hese 
are the striking results of this important paper; but other related 
physiological facts have been observed, and only further investigation 
can tell whether this is a special case of gametic union in the fungi, 
or whether similar phenomena may be found to be characteristic 
of other groups where there is gametic union. 

The discover)- of Mendel’s hybridization studies and the inde¬ 
pendent confirmatory evidence furnished bv De Vries, Corrcns, 
and others, all indicate the necessity of differentiating unit charac¬ 
ters and of following separately the inheritance of each unit char¬ 
acter. The idea which it involves of the purity of the gametes \n itu 
respect to unit characters, the segregation of unit c.iaracteis m 
the formation of the gametes, is one of fundamental importance. 
Such work has given a marvelous impetus to studies in ,Mhcn, “] K ; 
Numerous investigators have followed up this work, but it w. ; 
many years, perhaps, before a test of the Mendehan laws can bo 
carefully made with any great number of plants and animal.• 
exceptional instances already reported of the appearance o « 
characters and the dissimilarity in the product of rcr.proca crosses 
themselves indicate further fields for experimentsrescm.h. °»£ 
a word need be said bearing upon the phylogenetic "fphjdB 
ological work, since phvlogeny, as well as pat m ^ 

constitutes a separate section of biological science. . d 
work accomplished by DeVries, serving beyond all to de 

monstrate experimentally the origin of species >y. c "j . „ n g 

necessitates laying further stress upon discon in • 
a factor in the origination of existing species of plan. • It is to be 
doubted, however, that most botanists will at present c 

such an opinion as that the evidence advanced is su c „ 

or disparage the part which is played by continuous variation m the 
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origination of species. Continuous variation must be manifest by 
relatively slight variations; and it would be unfair to expect at 
this time the experimental proof of its efficiency. It may even be 
assumed that there is a complete series between continuous varia¬ 
tions and discontinuous variations, as well, perhaps, as between 
the possibilities of inheriting immediately or ultimately such varia¬ 
tions. Many of the problems in plant physiology are distinctly 
practical problems. The task of the physiologist is primarily to 
study the activities of plants irrespective of practical bearing. To 
have the greatest possible breadth and force, however, the culti¬ 
vated plant may not be neglected in any of its artificial environmental 
conditions. It is unfortunate that as yet physiological botany has 
not been made fundamental to agronomy, horticulture, forestry, 
and other sciences, arts, or commercial pursuits. Physiology can¬ 
not be limited by any practical problems, nor can any sacrifices 
be made, but a sympathy with commercial endeavor will invigorate 
the work, will afford equipment, and will contribute towards the 
common good. 

In conclusion, it may be said that present-day physiology, even 
more than any other section of biological science, is fundamental. 
Many phases of pathology, ecology, phylogeny, and experimental 
morphology, especially, may not be clearly differentiated as sections. 
Broadly conceived, plant physiology concerns itself: 

(1) With the relationships of existing organisms, ontogenetically 
and phylogcnetically. Phylogeny would necessarily claim much of 
this general field, as would also morphology, ecology, and other sub¬ 
divisions. 

(2) With the functions or activities of organs, tissues, and cells, 
and the interactions and interrelations of these one with another 
and with external forces. It is here that morphology touches physi¬ 
ology most closely, and here experimental morphology must have 
its basis. 

(3) With the incorporation and excretion of matter, metabolism, 
and growth, the sources and uses of energy, irritability, and the 
minute constitution of living matter. In this last are included many 
of the most fundamental problems, not necessarily problems in¬ 
volving the question “What is life?" but problems concerned with 
the resolution of those factors and an intimate knowledge of those 
materials which make life possible. 
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(Hall 7, September 23, 10 a. m .) 

Chairman: Professor Charles E. Bessey, University of Nebraska. 
Speakers: Professor Joseph C. Arthur, Purdue University. 

Merton B. Waite, U. S. Department of Agriculture. 
Secretary: Dr. C. S. Shear, U. S. Department of Agriculture. 


The Chairman of the Section of Plant Pathology was Professor 
Charles E. Bessey, of the University of Nebraska, who opened the 
Section with the following remarks: 

“ It gives me great pleasure to preside over this Section of the Con¬ 
gress of Arts and Science, since I have been interested in watching 
the development of the subject with which it deals from its beginnings 
in this country. The subject is still so new in American botany that 
many of us in this room remember when it had no existence. Some 
of us remember the efforts, about twenty years ago, of a few botanists 
who felt that the United States Department of Agriculture should 
undertake a systematic and scientific study of plant diseases and 
their causes. We recall the formal and informal letters we wrote, 
and the protesting articles which we published in scientific journals. 
We remember our gratification, not unmixed with some bewilderment, 
when the Commissioner of Agriculture acceded to our urgent sugges¬ 
tion by appointing a specialist in agrostology to the position of plant 
pathologist. Although scientifically illogical, this proved to be a 
fortunate appointment, and good work was at once undertaken, ami 
rapid progress made in the study of certain plant diseases, accom¬ 
panied by experiments in regard to the best methods of eradicating 

them. , 

“ From this time of small beginnings so much progress has been 
made that to-dav this country stands foremost in this department 
of botany. In the United States Department of Agriculture the 
Division of Plant Pathology now commands the services of many 
trained specialists, and. in addition, more than half of the experiment- 
station botanists are plant pathologists. 

“Gentlemen, I congratulate you upon the fact that, while you 
represent one of the most recent developments of botanical science, 
it is one which you have pushed with such vigor that in the short 
period of a score of years it has grown from nothing to its present 
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proportions, and I congratulate you further in that you are engaged 
in work which is at once scientific and immediately useful to the 
community. I trust that your deliberations to-day may result in 
giving still further encouragement and impetus to this department 
of pure and applied science.” 



THE HISTORY AND SCOPE OF PLANT PATHOLOGY 


BY JOSEPH CHARLES ARTHUR 


USSffiiiilS 

Plant pathology, in so far as it has become a science, is an eminently 
practical one, anfc'redit must be given for the initiative of jU devel¬ 
opment largely to the stimulating demands of economic interests. 
The more intelligent and intensive methods employed in ^"culture 
horticulture, and floriculture during recent years have emphasized 
the profitableness of making due provision for maintaining the hea h 
of a crop and for evading and combating diseases m 'heir mult- 
form disguises and modes of attack. It is the reciprocal stimulus 
of the cry from the commercial world to the man of science that has 
led to the present highly creditable and valuable ““derstanding ° 
the causes of many forms of diseases in plants, ^ ' “ ' 

peutic treatment. Although far from being a -c -rou ded and 
clearly established science, yet its high standing in the lo. b 11 ‘ 

departments of classified knowledge is w.dely recogm ed anc it 
rapidly increasing growth is as sure to be maintained as the arts 
productive commercialism continue to outstrip and dominate 

° f Pathology of plants, as an independent subject, ha"ing Us own 
lines of growth and its own terminology, is of very recent standing 
Essentially all the part that rises much above empiricism and natural 

deduction from cursory observation has come to -B rc ? c -atcd 

of a century. Very little that cannot be quite as pro perl) relegate 

to mycology, morphology, and P h - vs, °!“j’>' ,'^ c ear Hest works 

The beginnings of the science as displaced in mQre 

giving an independent treatment of the subject a 

than ^a century old. These writings are interesting in shou mg how 

carefully and effectively the paucity of facts «asid • P > P 
nomenclature! scaffolding built in imitation of the an ent ed.fice 
of human medicine and surgery. A glance at them will prove no 
only entertaining, but indicate the early lines through which our 
knowledge has been derived and the primitive influences moulding 
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its form. A representative work of the early school of pathologists 
is by von Zallinger of the Austrian Tyrol, whose treatise De mor- 
bis plantarum appeared in 1773. It is a scholarly and compre¬ 
hensive work. Here are some of the topics considered: In what 
does the life and death of plants consist? Plants have diseases; 
wherein lies the health of plants? What may be called a disease 
of plants ? Unfavorable appearances are indications of disease; how 
many general symptoms of diseases may be found ? How many 
groups of diseases are there? If I should continue, it would soon 
appear that the work culminates in a classification of diseases based 
upon symptoms. The fundamental idea of the work is that when 
symptoms are correctly understood, knowledge of the disease fol¬ 
lows with certainty, and treatment may be prescribed accordingly. 
The classification of diseases, as stated by the author, follows that 
of contemporary medicine, modified by the methods introduced 
by Tournefort and Linnieus. There are five general classes, divided 
into nineteen orders and eighty-four genera. Thus the second class is 
called Paralyses , and is divided into four orders: Anorexia, Adynamia 
cxcretionum, Anaphrodisia, and Commata. The last order, Commata, 
embraces three genera . A poplexia, Lethargus, and Lcthargus gcmmarum. 
It is easy to see from the vantage-ground of present knowledge that 
this is more a classification of ideas than of facts. In truth, although 
the author recognizes the value of a knowledge of causes, the work 
does not touch upon the true etiology of any disease, and furthermore 
does not suggest a single prophylactic or therapeutic measure of even 
meager worth. 

A similar work to the preceding is the second part of J. J. Plencks* 
Physiologic et Pathologic Plantarum, published at Vienna in 1794. 
Hut a more progressive work, in that it exhibits a better acquaintance 
with conditions in nature, is that of the Freiherr von Werneck, head 
forester, who lived in the Rhine provinces, and in 1S07 published 
a Versuck ciner Pflanzen-Pathologic und Thcrapic. Von Werneck 
philosophized thus: The simpler composition a body has, the fewer 
driving-wheels contribute to its action, but also the briefer, more 
obscure, and more involved is the chain of causes that lie at the basis 
of the movement. In order to be able to recognize each simple driving- 
wheel. or. what is the same thing, each simple cause, we must know 
the full connection of each simple condition and the value of the 
contribution of each simple ingredient to the whole. But the incom¬ 
pleteness of our knowledge of the plant body makes this determina¬ 
tion of simple causes impossible. 1 The author goes on to distinguish 

' Jo cinfacl.rr zusamrocngcsotzt ein Kftrper ist. jc wonigor Triebrador zu soiner 
Jiowocur.g boif ragon jo kurzcr alx-r aucli. je dunklcr und venvickelter ist die Kette 
I 0 ! 1 , 1 rs / lche , n - wolche don Grand dor Betvcgung onthalton. Urn jodos oinzoino 
l nebrad, odor — welches cmerlei ist —jede oinzclne Ureache bostimmen zu 
Konncn, mussten warden ganzon Zusammenhang jedes einzolnon Yerhaltnisscs und 
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between immediate and remote causes, and to write learnedly upon 
many pertinent topics. But the amount of real knowledge of facts 
is small and inconsequential. Seven substances are listed as all 
that the author had found serviceable in the treatment of diseased 
plants during eighteen years of experience. They are: Lime, acids, 
alkalies, balsams, honey, corrosive sublimate, and mineral water 
From perusal of his account one is forced to conclude that not much 
good was accomplished by the application of these remedies. 

One more work should be brought forward in this connection. In 
1795 J. M. Ritter von Ehrenfels, living not far from Vienna, pub¬ 
lished a work on the diseases of fruit-trees, which he addressed to 
the horticulturists among the middle classes. It was written wi 
enthusiasm and inspired by patriotism and love of nature. Scholastic 
terms are largely discarded and a familiar but dignified style adopted. 

A work on the same lines at the present time would find place in 
the "Rural Science Series” or the "Nature Library. However, as 
in the other works mentioned, it is very evident that the science o 
pathology and therapeutics was in its helpless infancy. 

There isno need to pursue the examination oftheworksof the begin¬ 
ners further. Enough has been displayed to show that, for the most 
part, in trying to systematize what little was known regarding the 
subject, they made a brave showing with borrowed finery of \\c rds. 
Nevertheless, an efficient terminology is not only nttrac ive a a . 
stage of a science, but in its later development nearly indispem able 
in order to express exactly and concisely what has been defimtdj 
established. Its need is much felt even at the present time. M "* 
Madison Botanical Congress in 1893, the matter was discussc l i 
detail, and it was agreed that “it is desirable for vegetable pat ho 
logists to unite upon an international and purely scientifi ■ ■ • 
tion of plant diseases,” which should I* provided, for the most 1 • • 

with a nomenclature based upon Greek ant .atin ro,) ’ ‘ 

the common names, used by people in Pncra 1 ^ ™ ' 

and so far as feasible restricted in application to defimte phenomena 
The remarks of Professor Bessey at that time are still pe > on an 1 
still deserve to be put into action. "We have two proWems before 
us,” he said. "One is the scientific classification of diseases o, patlm 
logical phenomena; the other the determination o 0 f these. 

corresponding vernacular terms used by the peop e. 

the scientific classification, should be interna.miiaL the uork^of 

deciding upon the ordinary vernacular terms ne<< outline the 

tional.” Nothing was' done at the Madison meeting but outline the 

subject, and the committee • appointed at the time to continue the 

den Worth des Beitra*s jedes cinzclnen machtauch diosc 

die Unvollkommenheit unserer Kenntnissc vom 1 nanw n i 

Bcstimmung der einzelnen Ureachen unmdgliclUp. „ composed of 

1 This “ Committee on the Nomenclature of Plant ui-casos ^ , 
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abundant at the last of this period, but were chiefly by German 
and Austrian botanists. The best of these were by Unger in 1833, 
Wiegmann in 1839, Meyen in 1841, and Nees von Essenbeck in 1842. 

In these and other works an enumeration and consideration of the 
parasitic fungi occupied half or more of the space. It must not be 
inferred, however, that any clear notion had yet developed regard¬ 
ing the relation which parasitic fungi hold to the host and to the 
accompanying disease. Throughout this period it was generally 
maintained that their existence was conditioned by the host. At 
first it was thought that parasitic fungi could not be reproduced by 
their spores, but were generated by the fermenting sap of the plant, 
or by a transformation of the perverted tissues. When it became 
clear that the spores did reproduce the fungus, it was still asserted 
that the fungus was a product of the disease and that its form was 
dependent upon the kind of host, or upon the state of the host at 
the time it was attacked by the disease. Endophytic species were 
frequently called pseudo-organisms, and the opinion was general 
that they might be transformed from one kind into another, accord¬ 
ing to the state of the weather, degree of moisture, amount of nu¬ 
trition supplied by the host, or other uncertain factors. 

It is not a part of the speaker's purpose to sketch the history of 
plant pathology, but in a perspective outline to trace the dominant 
influences that at successive stages of the science bore strongly 
upon the course and rapidity of its development. We have seen 
that prior to the beginning of the nineteenth century the science 
had so little knowledge at command that it might be said to be in i * 
helpless infancy. During the first half of the nineteenth century 
it made rapid growth, nourished by the pabulum derived from the 
studies of plant structure and function, and from the systematic 
study of fungi, although harboring many erroneous beliefs Hus 
period may be looked upon as a lusty childhood, full of activity 0 "' 
promise, but guided by unstable and imperfect theories The '.ext 
period extended from about 1850 to 1880, during which ' * ' ‘' 
accumulated much positive knowledge of the fundamental ftM Uies 
of the science that gave substantial basis for coming • 

It was a period of youth, to be followed by the period of established 

m The t greatest single service rendered to pathology during this 
interim of thirty years was performed by De arj ' , 

the fact that healthy plants may be attacked and penetrated y 
fungi, which may there flourish and propagate, thus disprov ng 
the long-held theorv that parasitic fungi were emanations of the 
higher plants. This did not lead at once to a full understanding of 
parasitism, but it cleared the way for an intimate study of he 
endophytic fungi. In this line of research De Bary was unmistakably 
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the leader. In 1853 he published his investigations on the rust fungi 
and the diseases caused by them, with special reference to the 
cereals and other useful plants; and in 1865 he gave to the world 
the first demonstration of hetercecism among the Uredinales. 

Nothing could better show the unprejudiced attitude and clear 
judgment, together with facility for turning unintentional sugges¬ 
tions to account, which De Bary displayed in his studies, than this 
demonstration of hetercecism. For nearly a century English and 
Dutch farmers had been convinced from observation that the cup- 
fungus on barberry bushes in some manner promoted, or possibly 
gave rise to, the very unlike wheat-rust. These two forms of fungi 
are so dissimilar in appearance and structure that professional 
botanists would not entertain the notion that they were but two 
forms of the same species. Nearly at the beginning of the century, 
and more than fifty years before De Bary began his experiments, 
Sir Humphry Davy, the greatest chemist of his times, and well 
versed in the natural sciences, said: “The popular notion among 
farmers, that a barberry tree in the neighborhood of a field of wheat 
often produces the mildew [English term for rust], deserves Exam¬ 
ination. This tree is frequently covered with a fungus, which, if it 
should be shown to be capable of degenerating into the wheat 
fungus, would offer an easy explanation of the effect.” 1 Others 
before and after Davy recorded similar opinions. After De Bary 
had shown by sowing spores of wheat-rust on barberry leaves, and 
raising the cup-fungus, that the views of the English farmer were 
well grounded, Continental botanists made many additional studies 
of hetercrcious rusts, and in 1880 Professor Farlow started the work 
in America. But in Great Britain, where the annual field demon¬ 
stration was so plain as to attract the attention of the unlettered, 
De Bary’s results were discredited for more than a quarter of a 
century, and almost the only work in hetercecism so far done, 
unless we include the recent brilliant work of Marshall Ward and 
his pupils on the transference of the uredo-stage to allied hosts, was 
accomplished in the decade following 1883, by Plowright of King’s 
Lynn, a physician quite isolated from direct scholastic influences. 

In the study of life-histories of rust-fungi, and in the introduction 
of a culture method of observation now employed among all classes 
of plants, as well as in many other ways. De Bary contributed greatly 
to the advancement of mycology. The economic problem of the 
cereal rusts, for which De Bary supplied an interpretation of the 
most fundamental unknown quantity, transcends that of all others 
in plant pathology, if measured by the annual money loss to the 
cultivator in America. Australia, and possibly other countries. It 
is yet an unsolved problem. De Bary’s services culminated in his 
1 Davy, Elements of Agricultural Chemistry, 2d ed., p. 266, London, 1814. 
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classical work on the morphology and biology of the fungi, pub¬ 
lished in 1884 at Leipzig, and three years later issued in the English 


language. 

Beside great progress made in mycology during the thirty-year 
period now under consideration, another subject was started and 
well advanced, which was to become one of the most important sci¬ 
ences affecting pathology, whether of plants or animals, and destined 
to exert the greatest influence, furthermore, upon human well-being. 
Pasteur had prepared the way by his epoch-making researches on 
wine and beer, and the diseases of silkworms, for many excursions 
into the new world of the “infinitely little," the mighty pigmy 
kingdom of the bacteria, discovered by Leeuwenhoek a century 
before, but almost unrecognized until now. It had been shown 
that bacteria were plants, although their power of rapid movement 
kept many students from fully accepting the fact, when, at the 
beginning of this period, Cohn, the distinguished botanist o Bres¬ 
lau, first systematized the flora of this new realm, and established 
the infant science of bacteriology. Already Koch, then a young 
physician practicing in the vicinity of Breslau, had placed the 
question of the bacterial origin of certain contagious diseases o 
animals beyond doubt by his studies of anthrax, but it was not 
until the last of the period that any plant disease was definitely 
shown to have a similar origin. In 18S0 Dr. Burril 1 of the Uni¬ 
versity of Illinois, published his studies on pear-blight, which he 
called the anthrax of trees, demonstrating that it was always 
accompanied by an enormous production of minute, color ess bac¬ 
teria, and that the disease could be set up in perfectly healthy trees 
by inoculating a few of these bacteria into the young shoots. As 
in the case of every important discovery, it required subsequent, 
studies fully to establish the claims of the discoverer, and to pro¬ 
cure popular acceptance of the truth. Even to-day, after the lapse of 
a quarter of a century, there appears to be a lurking suspicion in the 
minds of most European botanists that, after all, tie ac cn. . 
companying pear-blight are not, strictly speaking, the cause of tin. 
destructive disease of pomaecous trees. This is doubtless m P 
due to the fact that the disease does not occur in Europe and other 
countries outside of North America, for which our trans-At'antic 
fruit-growers have reason to be profoundly gratefu . a wuk 
ably unaware of their good fortune. If our distinguis lei ) 
visitors from across the waters to this Congress will observe the 
great injury which the disease has produced this year in American 
orchards, in many places killing outright a majority of the pear- 
trees, and doing immense harm to apple- and quince-trees, and »i 
let it be known upon their return that the statements regarding 
this disease are not boastful tales to be classed as characteristic 



156 PLANT PATHOLOGY 

of this endlessly expansible country, but sober facts, they will do a 
distinct service, not only to their eminent colleagues, but to the 
, whole science of plant pathology. For when important truths 
are not accepted by the students of a science, the progress of the 
science suffers. That this first claimant among contagious diseases 
of plants is truly of bacterial origin is a statement as worthy of 
acceptance as that two and two make four, without need of mental 
reservation. 

After this digression let us glance at the general treatises on the 
subject of pathology which went into the hands of the public dur¬ 
ing the thirty years preceding 1880, for one of the indications of 
cumulative activity and interest in scientific matters is the produc¬ 
tion of handbooks. They serve as maps to show the extent of ex¬ 
ploration, the direction of advancement, and especially as a record 
of accepted knowledge, all in addition to their usefulness as prac¬ 
tical reference-books for the cultivator. 

It may be stated first that essentially all treatises of this period 
were by German authors, or reflections from German writings. 
The one work that exerted the greatest influence was by Kuhn 
of Lower Silesia, afterward at the University of Halle, not only 
because it gave the latest information regarding parasitic fungi, to 
which the work was chiefly devoted, but because the author poured 
a hot fire of criticism into the camp of hero-worshipers, who ex¬ 
tolled Schleiden and Schacht, both extensive writers upon physi¬ 
ological and economic botany, and Liebig, the agricultural chemist, 
and who, in admiration of the great and brilliant service these men 
rendered to science and to economics, were blind to their errors 
and to the drag upon progress which these errors imposed. He 
decried the medieval tendency to lean upon authority, and ad¬ 
vocated closer study of natural phenomena. “It is the problem 
of the times,” he says, “it is the problem, especially of the younger 
husbandmen, to progress energetically, to unite science with prac¬ 
tice, and to apply the results of the former to the improvement 
of the latter, for personal profit as well as for the benefit of our fellow 
men. But it is not words or phrases that will lead us to this, — re¬ 
sults, economically important results, must we be able to show; but 
in order to do this, we must understand that to examine methodically, 
see clearly, observe sharply, and interpret correctly the natural 
laws underlying the association of phenomena, is the true fruit of 
scientific study.” 1 The admonition was timely and effective. The 

' E 3 ist die Aufgabe der Zeit, es ist die Aufgabe, insbesondere der jUngeron 
Landwirthc, rOstig fortzuschrciten, die Wissenschaft mit dem Leben zu ver- 
knilpfen und die Ergcbnisse der crstcren auszubeuten zur Vervollkornmnung 
dcs letzteren. zum eigenen Vo-lhcil wie zum Nutzen unserer Mitmenschen. Aber 
niclit Worte und Phrasen sind cs, die uns dazu fUhren, — Resultatc, practisch be- 
doutsnmc Resultatc. miissen wir aufzcigcn kdnnen, und um dies zu vcrmbgen, 
miissen wir einsehen lernen, dass methodisch untersuchen, klar sehen, scharf 
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German investigator and the German cultivator became the fore¬ 
most promoters of the science and practice of plant pathology, and 
maintained the supremacy almost, if not quite, to the present time. 

Beside Kuhn’s admirable work issued in 1858, and also a dozen 
or so small handbooks showing the popular interest, two especially 
notable works, covering the whole range of the subject as then 
understood, appeared during this trental period. They were by 
Sorauer, director of the experiment station at Proskan in Silesia, 
issued in 1874 and enlarged and improved in 1886 , and by I-rank, 
of the University of Leipzig, issued in 1880, both authors after¬ 
ward continuing their labors in Berlin. The two works are essentially 
alike in the division of the topics, except that Frank devotes over 
a hundred pages to harmful insects, while Sorauer, like most plant, 
pathologists of the present time, leaves the consideration of insects 
almost wholly to the entomologist. Disregarding the chapter on 
insects, both authors devote approximately one half of their space 
to parasitic fungi, one third to external influences such os unfavor¬ 
able conditions of soil, moisture, air, and food-supply, and the 
remaining one sixth to wounds and galls. There is no need to go 
into detail regarding these works; their essential features have been 
preserved in all general treatises up to the present time, and ar 
familiar to every one having some acquaintance with the subjee. 

At the beginning of the ninth decade of the nineteenth cent in 
plant pathology was a subject for scholars and for those who wished 
to know the reason for things, but it had no great econon c im¬ 
portance. It taught many useful matters, but only m a *>"»>> »« • 
The part pertaining to parasitic growths was an a<1 J u " c ' • 
cology, that arising from non-parasitic causes was an .June, of 
plant physiology, and that having to do with wounds and ga I 
was an adjunct of plant anatomy. But as a unified and 
science it had little standing. To-day shows a great change. There^ 
such a vigorous growth in so many directions that as a ... cm 
it seems unsettled and ill-balanced, but its merit as an >mpor<ant 
and vital part of useful knowledge has been recognize 
become a utilitarian science of vast possibilities Like.hcsbjec 

which >»« 1 ™”‘ e °. 

only moderate prominence, it has felt the . f 

demand to help in forwarding the great economic ente pr*cs of the 

times, which are the foundations of commerce In he ™ 

Plant pathology was developed by botanists who had .pecml love 
for the subject, working at such odd times as i fc 
permitted. To-day it has its organized and independent workers, 

Die Krankheiten der Kullurgeuxichse, Berlin, 
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and the results are far more numerous and valuable; just as the 
mineral output of the world has been vastly increased where large 
corporations have supplanted the individual miners who worked 
for personal gain and love of wild life. 

To start the science into this augmented development required an 
• unusual combination of circumstances. So long as the farmer was 
content to lose from ten to fifty per cent of his crop of grain from 
smut, rust, or other fungous diseases, and ascribe it to the vague and 
uncontrollable action of the weather or the season, no concentration 
of effort was made to understand the nature of the disease, as a dis¬ 
ease, and to invent methods of eliminating it from the fields. It 
required an epidemic severe enough to bring discomforts and threaten 
poverty in order to start an outcry that would be heeded, and 
divert the forces of science into a new channel. Such an occasion was 
the epidemic of potato disease of 1844 and 1845 in northern Europe, 
and notably in Ireland, where a famine resulted. But the region 
did not possess scientific men prepared to cope with the situation. 
Another such occasion was the introduction of the grape mildew 
into the wine districts of France. The downy mildew of the grape, 
common in America, but never epidemic, was first noticed in south¬ 
western France in 1878. By 1882 it had become so destructive 
that in many vineyards about Bordeaux, where proximity to the 
ocean kept the atmosphere moist and favorable to fungal growth, 
the leaves dropped from the vines and the harvest of fruit was almost 
worthless. Here was a critical situation, and the man to cope with 
it was not wanting. That man was M. Millardet, professor in the 
Academy of Science at Bordeaux. A fortunate observation at this 
time was put to the test during the season of 1883, and through per¬ 
sistent study and experimentation carried on by Millardet, and by 
others under his direction, and by still others working independently, 
the most important fungicide yet known was soon in general use, 
and a groat industry saved to France. The substance employed has 
been called from the first the Bordeaux Mixture, and consisted of 
lime and sulphate of copper in solution, which was sprayed upon 
the foliage. 

It was the introduction of spraying in the early eighties that 
gave new life and new direction to the study of pathology. It also 
shifted the geographic centre of activity in the study of plant dis¬ 
eases from Silesia, where it had remained from the earliest times, 
westward into France. Nevertheless France was not destined to 
hold this advantage long. 

In " .ptember. 1SS4, the American Association for the Advance- 
'. ; of Science appointed a committee 1 on the “Encouragement 

: ; ' : H‘ rooicU? r.f this '* « • mittee were J. C. Arthur. C. E. Besscy, W. G. Farlow, 

» . i-irrill, J '. Rothr*;v*k. W J. Beal, and C. H. Peck. The following year the 
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of Researches on the Health and Diseases of Plants," three of its 
most active members being now members of this Congress. In 
April 1885, the committee addressed a memorial to the United 
States Commissioner of Agriculture, calling attention to the desira¬ 
bility of instituting investigations into the diseases of plants under 
government auspices. The communication was well received as 
were subsequent ones, and in July, 1885, Professor F. L. Scribner 
of Girard College, Philadelphia, was appointed to begin the work 
The first report by Professor Scribner appeared in the \ earhook of 
the Department for 1886, and amply justified the wisdom of the 

m0 p V roTessor Scribner with wise foresight directed his greatest efforts 
toward a study of the diseases of the grape, enlisted the ,uteres 
of many able vineyardists, and became familiar with the great 
activitv^ then manifested in Franc, In 1887 the French Govern¬ 
ment commissioned Professor Viala, of the National School of 
Agriculture at Montpellier, to visit the United States and make 
an extended study of grape diseases throughout our territory, and 
in this enterprise Professor Scribner cooperated, the held uork 

extending from June to December. .. 

Thus it came about that the activity in the practical application 
of all that science had to offer in preventive, palliative, or curat e 
treatment of the diseases of crops, especially of the g/ape^n octmty 
that had recentlv attained notable proportions m trance and Ital , 
was transplanted to America at a favorable — when he 
Government began to recognise the important m CreS '*_ 
served by thus protecting and increasing the output of the u t 
vator. This movement received another great impetus "> SSS. « hen 
the state experiment stations were established by »ct of Cong e s, 
many of them including a botanist on the stall of e9 ' 

whose principal duty lay in the direction of the s »<lj and d s 
ation of information regarding plant diseases. It ■ » 
and during the next few years that many American ota s v, 
to the German universities for longer or J °S 

back enthusiasm for deep, critical study of «^ , ‘ 

another factor which seems to the speaker omime,« >1 
in this connection is the education of the cult.vatormthe ecogn. 
tion of diseases and in the comprehension of their causes and the 
extent of the losses that accrue. This has teen effected ^ 

letins and other publications issued by t >e {rom the 


committee wa a 
for the last three, .... 
having accomplished 


. .__ k«- ciil.stilutinc the name of C. V. Riley 

reduced to five : n irrg the committee was discharged. 

S. i» view wt.cn appointed. 
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and gardens, by the teachings of farmers' institutes, horticultural 
societies, and similar organizations, and to a less degree by other 
agencies. The result attained in twenty years is marvelous. At 
first only few cultivators could understand the nature of the efforts 
made in their behalf, and great indifference was shown toward 
suggestions for warding off or controlling fungous diseases, even 
when emphasized by abundance of .proof and demonstration. But 
with increase of knowledge has developed widespread interest. The 
prophylactic and precautionary suggestions emanating from the 
laboratories are rapidly incorporated into daily practice. Great 
as is the increase in personal and national wealth, which this change 
has wrought, even greater is its importance in the reaction which 
has been exerted upon the growth of the science. It may be true, 
as many times asserted of late, that America now leads in the de¬ 
velopment of plant pathology, both as a science and in its appli¬ 
cation as a useful art, and if so, this laudable situation has been 
secured by increasing the opportunities for scholarly research and 
by the cooperation of an educated constituency. 

I have said that the introduction of spraying gave new life and 
new direction to the study of pathology. So successful have been the 
results that it has furnished a sufficient reason for the expenditure 
of large sums of money, in both government and state institutions, 
for equipment and men to carry on the work. The division of plant 
pathology in the United States Department of Agriculture, founded 
by Professor Scribner, developed by Dr. Galloway, and now admin¬ 
istered by Dr. Woods, has within twenty years grown to commanding 
proportions, with many laboratory workers and field observers, 
using during the present year an appropriation of S 130.000, entirely 
apart from what is expended in other departments of the Bureau of 
Plant Industry. It is safe to affirm that if it had not been possible 
to show that the efforts of the pathologists were resulting in the 
saving of many millions of dollars to the country annually, this 
material growth could not have been secured, and a large part of 
the fundamental knowledge developed in connection with the work 
would not have become available, while the general stimulus em¬ 
anating from conspicuously successful enterprise must have been 
wanting. 

A few words regarding some salient features in the history of spray¬ 
ing will give more concrete form to these statements. I have said 
that Bordeaux Mixture was the first efficient prophylactic substance 
employed. Although it had been known for a hundred years that 
copper sulphate, the active ingredient of Bordeaux Mixture, could 
he used to free seed-wheat of the germs of hard smut, yet attempts 
to employ it in other ways in controlling fungous enemies usually 
resulted in disaster, until the fortunate addition of lime reduced the 
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danger of injury to foliage, and made it the most important agent 
known to-day for the direct treatment of plant diseases. Many 
experiments have been tried with a wide range of substances, but 
none has been found to supplant it, although other preparations of 
copper, like the ammoniacal solution, are used for special cases 
when the staining of the foliage due to Bordeaux Mixture is objection¬ 
able The methods of application have been refined and extended, 
early replacing the coarse whisk-broom first employed, until now 
a great variety of machinery is in the market, and choice may be 
had of many kinds of nozzles, and of knapsack, barrel, or power 

pumps of varied designs. , rA . 

P The general introduction of spraying was hastened by the ad\e 
of the Colorado potato beetle, which marched in armies across the 
country from the western plains to the Atlantic coast n a 
of about ten years, leaving the potato-fields a waste of withering 
stalks Something had to be done to hold in check these voracious 
Scls, thaTthreftened to do for America what the: potato fungus 
had done for Ireland in 1845. As a result of these strenu0 “^° n(1 
tions, the arsenite insecticides were brought into use. At firs they 

were applied in powder, but when the Bordeaux Mixture proved 
serviceable for fungi, it was found that both >nscc«.c.de and fung 
cide could often be applied in one operation, and . 

practical work of the entomologist has to a considerable extent 

run parallel with that of the pathologist. edial 

Success in spraying naturally stimulated mqu.ry t remedy 

and protective agents for fungous diseases not “'"^“^ ‘"^“Ving 
methods. Attention was first directed to a method o 
wheat, oats, and similar grains from smut, which ™ 

efficient and less hazardous than the very old one of steep,ngMhe 
seed in a solution of blue stone. In 1887 J. L Jenson of Denmark 
brought out a method of applying hot water to the seed that 
very effective, and was widely adopted. Ten years laterH-L. Holley 
of North Dakota introduced formalin for the satM p #nd 

is now extensively employed. It has also rccc ntly 

is easily applied in the prevention of P? ta ^“ > ' t|irea e ned to put 
been used for flax where the presence of a fungus tlirea 

an end to the industry. ascertaining what 

In this connection a very ingenious method o • surface 

kinds of fungous spores and how many arc attached to the surface 

of seeds was devised not long ago by Professor I 

to be examined are washed with pure water, " n< se diment is 
at high speed in a centrifuge. The resulting drop of sediment^ 

placed under the microscope, and all the germ., g 

that were present on the seeds are now clearly visible providing 

unmistakable evidence of the fungous parasites infesting the 
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during the last season, and indicating what should be done to pre¬ 
vent a recurrence of these fungi in the next crop. 

But great as has been the service to agriculture and horticulture 
by this development of spraying and its related operations as well 
as the reciprocal service to the science itself, yet it is the outgrowth 
of but one division of the science, and that not necessarily the largest 
one. 

Much work has been done, and still more is contemplated and 
under way, in the breeding of resistant varieties of various kinds of 
crops, with the double purpose in view of securing larger products 
and at the same time evading the destructive attacks of certain fungi, 
insects, and other small enemies. This work is likely to yield excellent 
results, especially where parasitic forms show adaptations within 
narrow limits. It must be borne in mind, however, that our know¬ 
ledge regarding the range of adaptability of parasites is not large. 
Even the whole meaning of parasitism is not yet available to guide 
the plant-breeder. Much progress has recently been made toward a 
knowledge of parasitic adaptations and variations by the researches 
of Klcbahn, Eriksson, Marshall Ward, and others, on the grain- and 
grass-rusts. Especially significant in this connection are the results 
obtained by Ernest S. Salmon at Cambridge University, who found 
that by mutilating or otherwise partially killing the tissues in the 
vicinity of the spot on which the spores of the grain mildew, Erysiphe 
graminis, were sown, a “biologic ” form of barley mildew could be 
grown on wheat, which under normal conditions would be entirely 
immune to it. Moreover, when a form was once established by thus 
lowering the vitality of an immune host, as we may assume was 
the main effect of the mutilation, spores from the growth thus 
produced would infect uninjured individuals. Thus through the 
presence of a wound a parasitic fungus was enabled to gain a foot¬ 
hold and maintain itself on a crop, wheat in the instance cited, which 
had before been completely immune to it. This is surely a highly 
interesting situation. What assurance have we that after years of 
work in establishing an immune variety of grain or vegetable some 
mishap, like an untimely frost, a hail-storm, or an army of locusts, 
may not lower the vitality or cause injuries that will give just the 
right opportunity for the fungus, which we have taken so much 
pains to circumvent, to gain a foothold in our supposed immune 
crop, and profiting by the greater vigor of the new host, become 
after a short period of adaptation a greater pest than it was to the 
old varieties. Thus at the end of our effort comes worse disaster 
than preceded it. The moral of this fable is clear. Pathologists 
should turn more attention than at present to a study of the con¬ 
ditions underlying parasitism, of the degree of adaptation, and of 
the range of variation, among fungi which cause the diseases most 
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dreaded among cultivators. There are some abstruse and what 
to many are theoretical questions which need to receive careful 
answers in order to supply proper guidance for those working upon 

avowedly practical problems. , . 

But I am in danger of infringing upon the ground of the speaker 
who is to follow me. It does not, in fact, come into the province 
of this discourse to speak of work under way at this time, or to 
point out the unsolved problems, except to indicate the branches 
of knowledge whose methods or facts are being turned to account. 

I may at this point barely touch upon the aid that cytology is 
rendering to pathology by the illumination which it brings into the 
matter of the intricate life-histories of many parasitic fungi. Just 
at present we are awaiting with much interest the cytolog.cal results 
of investigations into the nuclear history of rust-fungi, in order to 
determine which sets of spores have merely comd.al or vegetative 
powers, and which have sexual and consequently more intense 
powers of reproduction. Such knowledge will enable us to direct 
our attacks upon their activity with greater clearness and occur- 

aC Taking a general survey of the field, the advance since 1880 is 
most largely along the study of parasitic diseases, and > 

of the organisms which produce these diseases. It is natural that 
the life-histories of the fungi should first receive“^2, 
the numerous small forms on field crops, and that the "«* ehou 1 
extend gradually to the large but frequently obscure form! on °‘« 8 ' 
trees, and then to the minute and more obscure 
the bacteria, yeasts, and possibly amoeboid forms. P 1 

time the energy of investigators has been largely abated m stud, 
ing the inciters of disease; the means by which the .nasaul >g 
organism overcomes the resistance of the host has lec - 
elucidation, and the nature of the physiologic^ p« 
duced by the parasitic organisms, or by any other cai. , - • 

an unexplored field. . ... i i„. Pn 

If I have said little about bacterial diseases, which 

studied with such brilliant success and with such clc. . 

inating judgment by Erwin F. Smith of Washington, o o^d,^ 

caused by enzymes, to which we wertf introduced b the esca »e 
of Loew,or of the well-marked diseases of unknown W “ 
yellows and rosette of peach-trees, it is tha , , suc . 

will hear them more ably and mtar^ii^P , hat > 1 shou , d 
cessor upon the programme. Neither . . theories 

discuss the advance likely to be brought about by the » 
and methods in the study of the action o P*^.* 
applied to the explanation of diseases, as we as 

remedies. 
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In the long list of indebtedness held against plant pathology by 
various sciences, physiology stands foremost with the largest ac¬ 
count, a condition fully recognized as early as the days of A. P. 
de Candolle, and especially emphasized at the present time. But 
in close succession follow mycology, anatomy, bacteriology, chem¬ 
istry, cytology, physics, toxicology, phylogeny, and other subjects 
in diminishing degree. That the science is largely in an uncrystal¬ 
lized condition, when looked at from our new points of view, is prob¬ 
ably the reason why no handbook written from the modern stand¬ 
point and covering the whole subject has appeared since 1880, 
with the exception of the small, introductory, but highly luminous 
work by Marshall Ward, issued in 1891. 

I trust that in this cursory presentation of the history and scope 
of the science of plant pathology I have made clear some of the 
lights and shadows that give interest to a subject of great economic 
and scientific importance. 
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Vegetable pathology is a practical, economic science and is an 
important aid to horticulture and agriculture. The science of botany 
began, in its early days, as an economic study of medicinal herbs, 
but the development of the subject has been mainly along the lines 
of pure science. There are no higher motives for study than the pure 
love of knowledge. To discover the laws and facts of plant life, for 
the satisfaction of knowing, has doubtless been the object of most 
of the researches of the botanists. Botany is rapidly becoming a 
practical science, but no one despises more than myself the attitude 
which assumes that knowledge for its own sake is not worth while 
attaining. The enthusiasm of the botanist is proverbial. The study 
was so fascinating that men pursued it for its own sake. In this way 
the various departments of botanical science have been built up. 

Vegetable pathology utilizes all botanical knowledge and turns 
it to practical account. Doubtless the diseases of plants have been 
studied to a certain extent as pure science, but the enormous pro¬ 
gress of the last twenty years in the study of plant diseases unt ei 
the support of governments, experiment stations, and other pu .he 
institutions, has been due to the practical utility of the knowledge 
obtained. Vegetable pathology calls to its aid all departments <» 
botany as well as entomology, chemistry, physics, geology, and 
allied natural sciences. How different were the methods of the 
systematic botanist half a century ago from the investigating 
pathologist of to-day. The one working in some attic or small room, 
with his bundles of dried flowers and ferns and h.s collections 1 
pigeon-holes; the other, with his expensive laboratory facilities, 
chemical and physical apparatus, greenhouses, gardens, and othe 
equipment. And yet the systematic botanist laid t ic oun ® 1 
for pathological work. The early mycologists, even if some of their 
descriptions were only three lines long, have left us \ery eep y 
indebted for the names and classification of the fungi. e \sor 
ing pathologist must know systematic mycology as well as the classi¬ 
fication and names of flowering plants. He must be an all-around 
botanist. A copy of Saccardo’s Syllogc Fungorum is an essential 
in every well-equipped pathological laboratory. 
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Mycology is so intimately connected with vegetable pathology 
that some have thought the terms synonymous. The parasitic fungus 
is frequently spoken of as the disease. The fundamental concep¬ 
tions are distinct, however, even if in practice the work is inter¬ 
woven. The mycologist studies fungi for themselves; the patho¬ 
logist for the diseases they produce — in other words, from the 
standpoint of the host plant. If we acknowledge indebtedness to 
the early systematic mycologists, what must we say of the life- 
history of the fungi? To the studies in the biology of the fungi, as 
worked out by De Bary and his pupils, we trace the direct start¬ 
ing-point of modern investigation work in pathology. By no means 
are all plant diseases caused by parasitic fungi; yet the fungus 
diseases are so numerous and important that with their knowledge 
well under way, we are prepared to understand and distinguish 
from them the injuries produced by insects and mites, poisons and 
unfavorable environment, as well as the physiological and other 
non-parasitic troubles. 

Plant physiology is another of the great aids to pathology. Phys¬ 
iology not only enables us to understand the disturbances in growth 
and nutrition of plants produced by parasitic fungi and other para¬ 
sites, but it enables us more fully to understand the non-parasitic 
diseases. Through the researches of Dr. A. F. Woods an entirely 
new type of physiological disease is known to be produced by the 
action of enzyms. The study of enzymic diseases is in its infancy, 
but promises to enable us to unravel some of the most mysterious 
plant troubles. In this type of disease we have the curious anomaly 
of non-parasitic diseases which are contagious or at least commun¬ 
icable. 

The closely allied subject of anatomical botany is also of great 
importance to pathologists. Not only is the knowledge of normal 
plant anatomy necessary in the study of abnormal structures, but 
the methods which have been developed in the study of anatomy 
are in every-day use by the pathologist in his researches. Especially 
useful are the histological and microscopical methods. Processes of 
imbedding, sectioning, and staining are absolutely necessary to the 
study of pathology. 

Cytology is another very useful branch of botany to the patho¬ 
logist. The finer studies in parasitism are possible only through a 
knowledge of normal cytology and through the use of cytological 
methods of research. Very little in fact has yet been done in cyto¬ 
logical pathology, but this is surely one of the most promising lines 
for the future. 

Plant ecology also lends aid to the pathologist. Disease in plant 
life may be defined as a condition of the plant by which it is par¬ 
tially or wholly incapable of responding to its environment. How- 
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ever, plants may be sickened by poisonous substances in the soil, 
may*be injured by extremes of heat and cold, or injuriously affected 
by other environmental conditions so that disease results. After 
these unfavorable conditions have passed away, the plants are not 
prepared to respond to normal conditions. The ecologist under¬ 
stands the effect of environment on plants, their adaptations and 
struggles in competition with other plants and with unfavorable 
environment. When the plant succumbs wholly or partially in this 
struggle it becomes a pathological subject. Here ecology blends 
into pathology. 

Bacteriology, although somewhat allied to mycology, deserves 
special mention as an aid in the study of plant diseases. A con¬ 
siderable number of plant diseases — no one knows how many as 
yet —are caused directly by parasitic bacteria. The study of these 
bacterial diseases forms in itself a very important department of 
vegetable pathology, and has enabled us to understand with consider¬ 
able clearness a very large group of plant diseases. The usefulness 
of bacteriology is, however, still wider than this. The special methods 
developed in bacteriological research have quite revolutionized the 
life-history studies of fungi. I refer especially to the use of artifi¬ 
cial culture media and the methods of isolating, cultivating, and 
inoculating parasitic germs. By these processes results which were 
only possible by the most laborious and uncertain methods thirty 
years ago can now be accomplished with the greatest facility by 
a student of only a few months' training. 

Zoology, the sister science of botany, has contributed along many 
lines to botany, and therefore to pathology. Animal physiology, 
anatomy, and cytology have been extremely helpful. Many of the 
methods of sectioning and staining, especially the finer cytologica 
and embryological methods, have been first worked out on animal 
tissues. 

Entomology is connected with plant pathology in many ways. 
While the study of insects is itself quite distinct from the study 
of fungi, yet not infrequently the plant diseases produced by these 
diverse agents are difficult to distinguish till properly studied, the 
pathologist must know a good deal about insect injuries and diseases 
to distinguish them readily from fungus troubles Furthermore 
insects are largely concerned in the distribution of bacteria and the 
spores of fungi, and are thus important agents of infection. In 
the treatment by spraying in many cases an insect pest and fungus 
disease are killed at the same application. For example, the lime 
sulphur salt spray on dormant peach-trees kills the curl-leaf fungus 
and the San Jos<5 scale. Bordeaux Mixture with Pans green or 
arsenate of lead kills the apple-scab and the coddling moth. 

The utilization of physiological botany, the methods of staining, 
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botanical microchemistry, as well as the studies of fungicides, 
bring the science of chemistry into continual use in pathological 
work. In fact, the limitations of the working bacteriologist and 
pathologist of to-day are largely in knowledge of chemistry. Most 
pathologists acknowledge that they have too little training in chem¬ 
istry for the best results. The knowledge of theoretical chemistry, 
especially organic chemistry, is imperatively demanded in the further 
advancement of plant disease investigation. Perhaps no branch 
of natural science is of more use to pathologists at the present stage 
than physiological chemistry. It is opening the doors to entirely 
new fields of investigation in plant diseases. The general methods 
of research and laboratory equipment of the chemist are in frequent 
use by the pathologist. 

A knowledge of physics is also of the utmost use to the working 
pathologist. While he can scarcely be expected to make investiga¬ 
tions in the physical composition of soils, yet he must be prepared 
to utilize and understand the results obtained by workers in that 
line. We now know with more certainty than ever that many of 
the physiological processes in plant life are directly attributable to 
physical laws. 

The plant pathologist should also have a general knowledge of 
horticulture and agriculture, or at least agronomy. He should 
understand the cultivation of plants, and should be prepared to 
master quickly and thoroughly the culture of any specific plant 
when occasion demands. 

I have attempted to show that, while vegetable pathology is a 
somewhat narrow specialty, it requires very broad training on the 
part of the investigator. An ideal pathologist should have a thorough 
knowledge of systematic botany, including mycology, of physiolog¬ 
ical and anatomical botany, of cytology, ecology, and bacteriology, 
as well as a knowledge of zoology, entomology, chemistry, and 
physics, and allied sciences. I need scarcely mention that he should 
also have a good preparation in the languages, especially German, 
French, Italian, and Latin, and in such incidentals as drawing, 
photography, photomycrography, etc. A knowledge of horticulture 
and agronomy becomes absolutely essential when he starts in field 
work. Such a pathologist, of course, scarcely exists. Such com¬ 
plete equipment is hardly to be expected in one individual. No 
one realizes their deficiency more than the pathological workers 
themselves. 

The Treatment oj Plant Diseases 

The object of an investigation of a plant disease is to find out 
the cause and remedy. If it is a parasitic disease the nature and life- 
history of the parasite must be determined. Its complete life-his- 
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tory is frequently necessary for full knowledge of the disease. The 
different stages of the organism must be worked out, where it spends 
the winter, how it reinfects the host plant, the climatic and other 
conditions which favor or retard its development or its parasitism. 
The stage at which it is most vulnerable, as well as the means of 
reaching and killing it, must be found out. If it is a non-parasitic 
disease, the causes or conditions which produce it are often still 
more difficult to ascertain, and the method of removing them or 
circumventing them is to be discovered. 

The treatment for plant diseases is yet in its infancy, but suc¬ 
cessful results have been reached in many specific instances and 
along several lines more or less distinct. These may be classified as 
follows: (1) spraying with fungicides; (2) disinfection by means 
of germicides and fungicides; (3) eradication methods; (4) breed¬ 
ing resistant or immune varieties of the host plant; (5) cultural 


methods. 

Spraying. The discovery of Bordeaux Mixture by Millardet about 
1885 proved the starting of an important and successful era in the 
treatment of plant diseases. Spraying has probably accomplished 
more good up to the present time than any other method, or per¬ 
haps than all other methods together. The success of Bordeaux 
Mixture led to extensive studies of the other compounds of copper, 
some of which promised for a time to supersede the original prepara¬ 
tion. While for certain uses copper acetate, and especially the am- 
moniacal solution of copper carbonate, have proved to be the bes 
form of copper, yet the Bordeaux Mixture remains by far the most 
important fungicide. The sulphur compounds, whose use antedates 
that of copper, have also retained their place in the list of fungicides. 
The lime sulphur salt or the lime and sulphur mixture, on accoun 
of its usefulness in killing at one application certain fungi as well as 
scale and other insects, has become the greatest spray for dormant 
trees. During the last year or two dust-spraying, or, more propei ij 
speaking, dusting of plants, has come into prominence. The oUjcot 
here is to avoid the carrying and applying of large quantities 
water, and instead to prepare the fungicide in a dust form, so 
it can be thrown on the plant more economically. am 01 
expected to supply the necessary water to dissolve and more thor¬ 
oughly distribute the fungicide over the plant, t as p 
satisfactory in the prevention of the coddling moth and leaf-eating 
insects, in the application of insecticides, than it as in 1 P 
vention of the fungus diseases. These are more difficult to prevent, 
and in many cases even too difficult to prevent by the finest sprays, 
so that the results in dusting are not thoroughly satisfactory. 

Bordeaux Mixture has achieved notable triumphs in the prevention 
of the black rot and the Peronospora of the grape, apple-scab and 
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pear-scab, pear leaf-blight on the pear and quince, leaf-blight of the 
plum and cherry, and the mildew and leaf-blight of the potato. 
Many other diseases are capable of prevention by spraying with this 
valuable fungicide. Curl-leaf of the peach is preventable by spraying 
with Bordeaux Mixture or the simple solution of copper sulphate 
shortly before the buds swell in early spring. The lime sulphur mix¬ 
ture is about equally successful applied at the same time. There are 
still some troublesome problems in the application of Bordeaux 
Mixture and other fungicides to growing plants. For some unex¬ 
plainable cause, under certain climatic conditions, apples and pears 
are russeted or even deformed by the absorption of the poisonous 
copper through the cuticle. How to prevent this and to make 
Bordeaux Mixture that will be uniformly safe in spraying these 
fruits is an unsolved problem. Peaches and Japanese plums when 
sprayed in foliage, with Bordeaux Mixture or any other fungicide 
which has been tried, will, under most conditions, suffer severely. In 
most cases the fungicide kills round spots, which drop out of the 
leaves, producing a shot-hole effect, and at various intervals, from 
a few days to a month or two, all leaves touched by the fungicide 
fall to the ground. This defoliation results, of course, injuriously 
to the growth of the tree and the fruit. How to find a fungicide 
that will prevent the brown rot of the peach and plum and not in¬ 
jure the foliage is one of our most serious problems. 

Disinfection methods. Certain diseases of plants are carried over 
mainly by means of spores or mycelium of the fungus which cling to 
seeds, tubers, and cuttings, etc. Where these can be disinfected and 
all the parasites destroyed, successful crops can frequently be grown 
in infested localities. One of the first treatments of this type was 
the dipping of wheat infested with smut in a solution of copper 
sulphate. Jensen found that hot water could be used for the loose 
smut of oats and other smuts successfully. The germination of the 
seed was even benefited by the treatment. Recently formalin has 
come into use for the same purpose, at first by the expensive method 
of dipping, and later by simply sprinkling it over the grain. Potato- 
scab was found by Arthur and Bolley to be preventable by dipping 
in a weak solution of mercuric chloride. Later they substituted 
formalin as a preferable disinfectant. The black rot of the sweet 
potato is preventable to a large extent by keeping the houses and 
hotbeds annually disinfected with copper solutions or formalin, and 
by selecting for planting only the sound tubers free from disease. 

Eradication. No more puzzling disease as to its cause exists than 
,iie so-called “yellows” of the jieach. There are two other serious 
diseases of the peach and plum of a somewhat similar nature, namely, 
the peach rosette of the Southern States, and the “little peach” of 
Xew York and Michigan. We are thus justified from their similarity 
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in calling this type of disease the “ Yellows Group.” Peach yellows 
has been demonstrated repeatedly to be readily controllable by 
promptly digging up the diseased trees and burning them as soon 
as they appear in the orchards. Thus, while the yellow's is one of 
the most obscure diseases as to its cause, it is one of the cheapest 
diseases to control. A careful inspection of the orchard two or three 
times during the season, especially at the ripening of the.taut,and 
the digging out of an occasional tree for the benefit of the rest of 
the orchard, is vastly cheaper than the thorough and repeated spray- 
ings necessary to prevent the average fungus disease. s 

pretty certainly preventable by the same means Thewnters 
now engaged, with his assistants, in testing the feasibility of this 
treatment for the “little peach,” with every prospect of success.^ 
Pear-blight, the bacterial disease which attacks the blossoms, 
young shoots, and the bark of pomaceous fruit-trees, can be remedied, 
or rather prevented, only by the eradicat.onmet^d. It^s more 
quickly contagious than the “Yellows Group” diseases, »n hc 
ication is more laborious and difficult and not ^ " ““Tjj 
Black knot of the plum may be mentioned as another 1™* 
which can be controlled by the eradication “cthod. & mply cuU ng 
out the infected limbs in the fall or winter has been demonstrated 
to control the disease. Even some of the leaf-spot dj «“ ses ’ 8U h 
as the leaf-spot of the violet, can be controlled by picking all 

infected leaves as soon as they appear. 

Breeding resistant varieties. Until recently our object hM teen to 
discover some method of spraying or disinfecting the d^ PUn s, 
or by destroying and thus losing them in the fight 
At best all these methods are somewhat extravagant anI woeful. 
By breeding varieties of plants which are immune tod sense,or 

which are resistant to a greater or less degree, we may 
necessity of treating the disease. No more desirable method ca 
be imagined of getting around a troublesome plant disease. ^ 
fact, in cases of some root diseases, there may : P u . ork on 'thc 
using the other methods. For an examp e rt0 - valietic8 which 
root-rot of the cotton and cowpea, found res,s, “ ■ fcsted soil 
would not take the disease, and grew a me cr d Web- 

where common varieties were entirely destroyed, ^.^e and we 
ber found that by the use of the sour orange asastock on^which 

to bud oranges, they were able to g row tree ^ ' ke s e was 

rot of the orange. Webber found that «-® rak ^ is br 6 eeding 
resistant to the Phytoptus rust on the or g • f 

varieties of flax resistant to the flax ^"d.sea^ ^ «e of 
tobacco the mosaic disease appears to c 

vention bv selecting the plants free from the trouble Mr. A. U. 
Shamel has achieved a notable triumph in selecting tobacco in i 
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.root-rot districts of Connecticut and Florida. Carleton, by breeding 
and selection, and by the introduction of resistant varieties of wheat 
from Russia and other parts of the world, has made excellent pro¬ 
gress in growing wheat free from the rust. In this case, it would not 
pay to spray the wheat-fields, even if it were possible; so about the 
only way to avoid the losses from this disease is by growing resistant 
wheat. Of course resistance to a disease of parasitic nature is only 
one phase of plant breeding and selection. General vigor, ability 
to withstand unfavorable climatic conditions, productiveness, and 
special adaptability to certain soils and climates, or else wide range 
of adaptability are parts of the object of the plant-breeder. 

This brings us to the fifth and last method of controlling disease. 

Cultural methods. Every grower of plants finds that with most 
diseases, if he can grow strong, vigorous plants, they will be either 
immune to the disease or they will suffer so slightly from it as to 
grow successfully in spite of the trouble. By selecting proper soil and 
other environmental conditions for exacting plants, by the intelli¬ 
gent use of fertilizers and manures, the cultivator is able frequently 
to grow his crops with but little loss from disease. 

In the arid regions of the United States the irrigated orchards and 
vineyards are almost entirely free from the fungus diseases of humid 
sections, such as black-rot and mildew of the grape, apple- and pear- 
scab, bitter-rot of the apple, and the ordinary leaf-spots. In Virginia 
the Newtown Pippin, when grown on the black, mountain loam soils, 
on the higher slopes and coves of the Blue Ridge Mountains, is nearly 
free from apple-scab and the fly-speck and smut fungus. It is also 
partly immune to the bitter-rot fungus. In low situations, or on 
the red clay hills at the foot of the Blue Ridge, it is extremely sus¬ 
ceptible to all these troubles, so much so as to be commercially a 
failure there. 

The selection of proper soils and localities for the peach, apple, 
and pear is a matter of the utmost importance in the commercial 
production of these fruits. This is true, of course, also of most of our 
garden vegetables and other crops. By the use of fertilizers we can 
frequently push plants into greater growth so as to enable them to 
resist partly or wholly certain types of diseases. Peach-trees infested 
by the root-rot, if heavily fertilized, will live and bear profitably 
without any indication of the presence of the disease. This is espe¬ 
cially true in the Lake region, where the root-rot is apparently slower 
in its action than in the Southern States. The effect of fertilizers and 
stable manures is even more prominent in case of certain insect 
tro ” es than with the fungus diseases. A young peach-tree may 
be : o . ick from the attacks of the black peach aphis on the roots as 
to have every leaf rolled up and yellowed by the disease, and yet a 
oushcl of sta’. le manure placed around the tree in the winter and 
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incorporated with the soil in the spring may push it into a vigorous 
growth the following summer, so that no trace of the symptoms can 

be noticed. . . , 

The study of root parasites gives us an additional reason ior the 
rotation of crops. In fact, judicious rotation of crops is one of the 
best methods of shaking off and avoiding certain diseases. Nursery 
stock of the peach, when grown in an old peach location where 
a nursery or orchard has previously been located, will usually be seri¬ 
ously affected with root troubles, such as crown-gall, root-rot, and 
other fungus root parasites, eel worms or Heterodcra, not to mention 
root aphis and other insect troubles. This can be nearly all avoided 
by growing the trees on a clean piece of land which has never been 

in peaches. , R , • 

The application of lime to the soil has proved very beneficial in 

preventing the club-root of the cabbage and allied plants. 

It should be noticed in this connection that not all diseases are 
preventable by high culture. Certain diseases on fruit-trees, such as 
pear-blight and apple-scab, more readily attack vigorous, well-fed trees 
than they do those growing moderately. Brown rot of the peach 
attacks trees with large heavy foliage on rich soil, or where an excess 
of nitrogenous fertilizer has been used, more seriously than it does 
less thrifty trees. It is necessary, therefore, for the cultivator to 
understand his particular plant as to its requirements “ nd « s t0 lts 
diseases. No one has to know plants so intimately ns the pathologist. 

The early successes in the treatment of plant diseases have led to 
vigorous prosecution of this work by the Government The section 
of Vegetable Pathology, of the Department of Agriculture was o - 
ganized in 1886 , by one investigator. In 1888 there were four no-k¬ 
ing pathologists. In 1893 there were nine. During t he P-e^nt “ 
there are about one hundred investigators employed in the Vc®* 
Pathological and Physiological Investigations of the Dopartme , 
the majority of whom are now in the field studying the d,se»ses of 
plants. Considerable progress has been made by other go ’ 

notably France and Germany. Nearly every pronunen '***? 
station in the world has a plant pathologist on * ts «**• ® th# 
state experiment stations have at work in near y e\ . 

Union from one to five investigators. In Australia, in theI hihppmes 
in Java,in Japan, and,in fact, in nearly every country . hcresc lenUfo 
botany is being pursued, contributions to the knowledge of plant 
diseases are being made. 
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If, at a Congress fifteen years ago, ecology had been spoken of as 
a branch of natural science, the equal in importance of plant mor¬ 
phology and physiology, no one would have understood the term. 
That to-day in St. Louis it is given this rank is due to the zeal with 
which new lines of scientific research, inspired by discoveries in the 
most widely separated fields, have been followed during the last ten 
years; and no country has been in advance of America in placing 
in their true light the versatility, lofty aims, and scientific depth 
of ecology. In this country the floras of Minnesota. Illinois, 1 enn- 
sylvania, and Missouri, also those including the region from the 
Appalachian Mountains and the Western territories to New Bruns¬ 
wick and Nova Scotia, have attempted to show how their contents 
are to be regarded by the light of ecology. 

This new tendency has not arisen from any chance discovery; 
just as in the case of the study of bacteria, instruments had to be 
perfected before it could be placed upon a firm foundation. 

In reality, this branch of science dates from the earliest period 
of botanical investigation, for in addition to the formal descrip¬ 
tions of those early times are found traces of a refreshing, vitalizing 
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insight which connect mere description of the living form with the 
vital phenomena of the animate world. 

Individuality and independence, however, had firet to be woven 
from the weakest as well as the strongest threads which unite the 
“ sciences of the earth,” essentially geographical in substance, with 
the vital phenomena of the plant and animal kingdoms. 

Physiology had taught how, with the aid of physics and chem¬ 
istry, experiments could be made in the laboratory; it was obvious 
that these experiments could be repeated out of doors, where the 
changing play of nature’s forces could be observed and fresh data 
obtained, which later could serve as a basis for further experiments 
in the laboratory. 

At the same time this new tendency took strict account of the 
morphological development of those organs which, independently, 
according to their adaptation to the environment, determine to what 
biological form a plant or animal belongs. The ability of a plant 
to perpetuate its existence as a tree with deciduous or evergreen 
leaves, as a perennial whose powers of rejuvenation have endured 
for centuries, as a weed dying after the quick ripening of ( its seed, 
or else as a freely swimming or submerged water-plant, or a plant 
exposed to the stress of storms and winds, is just as important 
from the ecological standpoint as are the various means of loco¬ 
motion developed by animals for the purpose of securing nourish¬ 
ment, such as springing, running, creeping, fluttering, and flying 
through the air, or wriggling through the dark earth, swimming 
freely on the surface of the water, diving in its shallows, — or else 
banished for life to the depths of the ocean. 

We find the greatest variation in vital conditions in passing from 
pole to pole, from the ocean to the ice and snow of the mountain 
peaks, from the sun-scorched desert to woody and shady valleys, 
or to the cool caves hidden in the cliffs where is seen the greenish 
glimmer of the Schistostega. For each change in the vital condi¬ 
tions we find specially adapted forms of animal and plant life, and 
in the fundamental principles of animal and plant geography we 
find the earnest endeavor to contrast the more physiographical 
details of distribution with the dependence of the adapted form 
upon the environment; this latter, with its great biological im¬ 
portance, being more especially the province of the zoologist and 
botanist. 

In this manner has the study of ecology come into being, and, 
since it has been most clearly and easily followed in botany, the 
word in its modern meaning has come to denote more especially 
the ecology of plants. Therefore the honor to address this Congress 
upon the subject of ecology has been given to a botanist, who is 
a plant geographer as well. 
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By the word “ecology” we understand the vital phenomena 
exhibited by plants and animals in the struggle for space, under 
conditions enforced by the climate and the physiography of a 
country. “Struggle for space” is Ratzel’s appropriate version of 
Darwin's proverbial phrase, “struggle for existence,” whose pur¬ 
port, however, remains unchanged. In the struggle for space each 
organism requires a place in which he can fulfill his career ; that is, 
secure nourishment, and leave behind him descendants capable of 
occupying a similar location. Each organism is closely associated 
with its environment; each plant, each animal, lives, like mankind, 
in a special world of its own. 

These considerations show us that ecology is the borderland to 
which the sciences of biology and geography can both lay claim. 
Thus the ecologist, persuaded of the importance of the various vital 
problems which here cover common ground, must have a com¬ 
plicated equipment for his varied work; he must be as familiar 
with the use of the balance, photometric and thermometric instru¬ 
ments, as with the absolute dominion of lifeless nature. In order 
not to be betrayed into forming hasty conclusions, he must work in 
the herbarium as a florist, with the microscope as a physiological 
anatomist, and also bear constantly in mind the geological develop¬ 
ment of present conditions. 

Yet until now botany and zoology have held aloof from one an¬ 
other in this new scientific departure, although it is just here that 
victories common to both have been achieved, —as, for instance, 
in the biology of the flower whose form shows adaptation to the 
needs of the insect world; or in cases where there is mutual de¬ 
pendence between plant and animal, the one affording domicile, 
the other protection, as in the case of the Imbauba trees of Brazil, 
which furnish food and lodging to armies of ants, who in turn protect 
the trees from the devastating hordes of leaf-cutting ants. In this 
connection, too, has been brought to light the usefulness of the 
modest earth-worm and the versatility shown by plants in the 
methods used for protection from the voracious assaults of snails 
and caterpillars. The dire need of animals struggling to obtain 
their scanty nourishment is often revealed at the same time as 
the silent efficacy of the protective forces of the plant kingdom. 

We can readily understand how through all ages the effect ofdarge 
troops of Herbivora has been harmful to the plant world, while the 
effect of their enemies, the Carnivora, has been beneficial, and how 
these two influences must have produced various changes m the 
formations. 

In determining the dependence of organic life upon the physio¬ 
graphic character of a country, the science of botany is naturally 
of the utmost importance, since the individual plant is found actually 
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connected with the outer world. Animals that live alone, or are 
banded together in flocks, swarms, or herds of the same species, 
are naturally incapable of building formations dependent upon the 
climate and inseparable from the soil. Their power of locomotion 
is a hindrance to the close connection with Mother Earth that is 
maintained by the flora. 

Ecology is new in name only, and while stress has lately been 
laid upon the versatility of its special methods, we find the sources 
from which they have been derived far back in the past century, 
and the connection between ecology and geography, as evidenced 
by the restriction of the animate world to stations with special 
physiographic features, is expressed in the excellent floras of earlier 
days. Linnreus, in his Flora lapponica, a work which until recently 
has hardly received due recognition, has given us an example of how 
a flora may not only give a diagnosis of the different species, but 
also a description of their mode of life. A flora containing a descrip¬ 
tion of the methods employed by the most widely distributed plants 
in perpetuating their existence, unfolding their blossoms, and ripen¬ 
ing their seeds, is of the utmost importance for the true comprehen¬ 
sion of the part played by every species in covering the soil with 
verdure. The worthy florists of that early period undoubtedly recog¬ 
nized the fact that the appearance of similar associations followed 
definite laws which they endeavored to express in the terminology 
used in their diagnosis of the situation; thus they actually were the 
founders of the modern doctrine of “plant formations.” 

But in order that ecology should advance to the rank of an inde¬ 
pendent branch of science capable of further development the 
creative genius of an investigator was needed, who, unsatisfied by 
the older methods of description, could work from a more general 
basis. During his long journeys through distant lands, Alex, von 
Humboldt had recognized the special scientific value of the mutual 
relations existing between the annual change of season and the form 
of vegetation assumed by predominating plants. Accordingly, he 
chose a few representative orders of the plant kingdom, fifteen in 
number, such as palms, conifers, cacti, tree-ferns, mosses, and lichens, 
which by their mode of growth and perennation give a certain de¬ 
finite physiognomy to the district in which they predominate, since 
each one of these groups gives rise to landscapes totally differing 
in character. Von Humboldt was undoubtedly guided by the 
ecological spirit, as we should say to-day, in the elaboration of his 
excellent system, whose defects lay in the then existing confusion 
of vegetative form with systematic character. 

Alphonse de Candolle enumerated these defects, when, in his 
Geographic botanique raisonnte, he laid the foundation upon which 
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could be based the study of a flora from the evolutionary point of 
view, and confined climatological considerations within their proper 
limits. But A. Grisebach in his earlier works had already begun to 
develop the doctrine that the victories of the all-conquering clima¬ 
tological factors find their outward expression in “formations” 
composed of special forms of the vegetation with which our earth 
is decked. The cactus alone does not determine the arid character 
of the desert, nor the Mauritia palm the tropical character of the 
Amazon region, nor the Lodoicea that of the Seychelles Islands. 
Mosses and lichens are not the only plant growth on the Siberian 
and Canadian tundras; and among the conifers the northern 
larches bear witness to quite different ecological conditions from 
those designated by the cedars of Lebanon, or the Araucarias 
which grow in eastern Australia and on the southern shores of the 
American tropics. With these plants, however, grow other species 
having the same requirements in regard to light, heat, and moist¬ 
ure, and all these together make up a typical formation in their 
common station. 

Since Grisebach elaborated these fundamental ideas and gave 
them general expression in his Vegetation der Erdc (1872), he may be 
regarded as the founder of the third period in the development of 
ecology, just as I regard von Humboldt, with his Essai sur la g(o~ 
graphie des plavtes, to be the founder of the second and Linmcus that 
of the first, which began with the appearance of his Flora lappontca. 

As yet, however, the ability to penetrate the intimate relations 
existing between climate and plant life was lacking. The discovciy 
of mere outward facts of contiguity furnished only the barest out¬ 
line, which still needed the accumulation of important data for its 


true qomprehension. 

Knowledge of the evolution of the earth and of organic species 
became the aim of scientific research. Darwin’s great intellectual 
achievements bore universal fruit. Such men as Moritz Wagner 
attempted to extend questions of theoretical evolution so as to in¬ 
clude the problem of the distribution of species, until then icgai(led 
as something fixed and unalterable, and thus the idea of evolution 
became involved in the explanation of present conditions. In a sim¬ 
ilar attempt, especially in botany, to give formal diagnosis a more 
natural bent, the mere description of organs was transformed o bio¬ 
logical morphology, while anatomy was changed to physiological 
anatomy. For floristic purposes the attempt was made, by means 
of the clear and simple methods used originally in experimental 
phvsiology, to correlate organs with the physiological factors of the 


environment. . . . , 

While these new tendencies, developed from morphology and 
physiology, which today form the closest connection between the 
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organic and the inorganic worlds, were advancing and the vast 
amount of material already collected was being worked over, a special 
branch of science had arisen, namely, the biology of the flower, which, 
instigated by Darwin’s work upon the mutual relations existing 
between different organisms, set aside the ancient opinion that 
zoology and botany could proceed side by side with absolute dis¬ 
regard of their dependence upon one another. 

The pivot upon which investigations concerning the pollination 
of flowering plants turned was the “law of avoidance of self-fertil¬ 
ization.” Facts which to-day are universally taught in the schools 
still remained to be proved by such men as Darwin, Hildebrandt, 
Hermann Muller, and others. It was discovered with astonishment 
that Koelreuter toward the middle of the eighteenth century, and K. 
Sprengel in 1793, had already disclosed “the secret of Nature in the 
structure and fertilization of flowers.” Until then, however, no one 
had applied the biological relation between flowers, wind, and the 
insect world, as shown in the phenomena of pollination, important 
enough to be included in the science of botany, nor had any one 
made clear the mutual dependence of the animal and plant king¬ 
doms in their household economy. These factors in the struggle 
for existence were now given their full value,and the different appear¬ 
ance of various associations was explained by the absence of this or 
that insect, while in tracing the boundaries which limit the area of dis¬ 
tribution of certain plants and animals, as, for instance, Aconitium and 
Bombus, the organisms were found by Kronfeld to be interdependent. 

Thus in the fourth period of the development of ecology, widely 
separated branches of science are brought together in order to explain 
the life-history of a certain region. These, however, must be united 
in the realm of geography to form a new entity, and, by their correla¬ 
tion of numerous data, prove the propriety of their use. The evolu¬ 
tionary tendency, which extends far back into the geological past, 
and is based upon knowledge of the areas of distribution of hosts 
of related genera and species, has been considered, especially in 
botanical geography, as a subject quite separate from that which 
treats of the vegetative forms and the formations as physiological 
entities, dependent upon external factors. 

The division of entire continents into zones, as seen in the atlases 
of physical geography, gave expression to this feeling. It was also 
necessary to extend the ecological method to the field covered by the 
publication of special floras, and with renewed interest and zeal to 
begin the revision of the enormous mass of material collected 
therein. This work had already been begun in the floras of central 
Europe, which were soon followed by the excellent departmental 
work of the North American Surveys. Occasional brilliant descrip¬ 
tions of tropical floras, such as the descriptions of the vegetation 



POSITION OF ECOLOGY IN MODERN SCIENCE 183 

of Lagoa Santa, in Brazil, also that of Juan Fernandez and the 
division of Mt. Kinabalu, in Borneo, into regions, quickly bore 
the methods of the doctrine of formations to distant lands, whose 
floras until then had only been known to us through the systematic 
enumeration of their orders. Thus the way was prepared for the 
recognition of ecology as a new and special centre, and scarcely ten 
years have elapsed since this centre, which would unite biology to 
the natural sciences, was demanded. 

Whoever wished to pursue the study of the physiology and devel¬ 
opment of organs, in order to understand the weapons used in the 
struggle for space on land or in water; whoever wished to study the 
mutual relations of species, rather than their inherited character¬ 
istics, or to consider the flora and fauna not only as they determine 
the characteristic appearance of the country they inhabit, but also as 
being the external, vital result of the effect of geographical factors, 
which is capable in its turn of influencing the aspect of nature, had 
to be called an ecologist, whether he wished to be so designated or 
not. Even the name of this new branch of science was still in dispute 
and no one was satisfied. To-day, however, we ueed not concern 
ourselves with the name. From the beginning, the mutual relations 
existing between the various branches of science exerted upon 
ecology the powerful influence which usually only accompanies the 
gradual change from the purely scientific to the utilitarian point of 
view. 

In this historical sketch we have now reached the fifth period, 
which begins with the publication of MacMillan’s well-known study 
of the Lake oj the Woods (1897) and Warming’s Lchrbuch dcr dkolo- 
ffischen Pflxmzengeographie. These works emphasize the special pro¬ 
vince of ecology and give preference to the methods employed in 
the organic natural sciences rather than to those used in the geo¬ 
graphical. It soon appeared as if this daughter of bio-geograp i> 
would destroy the reputation of her mother and usurp hci pl.u< 
but the opportune appearance of Schimper’s work, based upon the 
same foundation and fulfilling Grisebach’s unattainable dream 
completely restored the connection between the high y P P ( j (,a,ze< 
ecological and the broader geographical points of view, rhe most 
distinguishing characteristic of this last period, however, is e 
closer bond of union established between ecology and phylogeny. 

Evolutionary thought, which is the keynote of modern natural 
science, may proceed along two lines: according to the variation 
of species in regard to their spatial requirements, or according o 
the variation of an association under the influence of successive gen¬ 
erations, each of which has undergone modifications. In this way 
the study of phylogeny is extended to the field of floristic geo¬ 
graphy. The connection between these two lines of thought will be 
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readily seen, if we consider certain recently evolved, feeble endemic 
species in connection with their nearest relatives, and also study the 
history of their modification under the influences of time and ex¬ 
ternal circumstances. As such species we may mention the glacier 
willows of Nova Zembla and the twenty-three species of the genus 
Hieracium, restricted to the Faroe Islands and described by Dahl- 
stedt. The presence of such species gives a decided geographical 
character to the region in which they occur. 

Under the title Geographic botanique expirimentale, Bonnier en¬ 
deavors to prove the direct effect of change of climate upon the 
variability of specific forms, and G6neau de Lamarlidre uses the 
phrase physiologic sptcifique to express the idea of the degree of 
adaptation accomplished. R. von Wettstein draws his conclusions 
from different premises, since he considers that the species which 
have been developed have been derived from related species and 
from those closely restricted to the same location. Having made this 
assumption, he then proceeds to search for the causes which have 
been influential in the accomplishing this end. 

The ecological point of view includes those things concerning the 
question of continuance in a given location, the power of obtaining 
nourishment, and the certainty of establishing the succession, which 
are not general and uniform, but which differ according to the vary¬ 
ing factors of the environment. Ecology is the study of epharmony 
in the organic world, and the possibility of variation possessed by 
species, as well as the mere fact of their life together, is an ever¬ 
present, dynamical factor in the determination of the external 
appearance of our earth. But it is not enough simply to discover 
and describe these various specific relations; we must press forward 
and from the mass of accumulated data obtain an intimate compre¬ 
hension of the organic form in its dependence upon Mother Earth! 

During the course of our historical sketch of the development of 
the ecological idea, three special points of view have been made 
manifest, namely: 

(1) The relation of the organization of ecological forms to the 
morphology of plants and animals (morphological relation). 

(2) The relation of the ecological formation to the physiography 
of the country (phvsiographical relation). 

('») The relation of ecological epharmony to the phylogenv of 
systematic groups in both animal and plant kingdoms (phylo¬ 
genetic relation). 

If we wish ecology' to rank as a special branch of biology, we must 
undoubtedly consider these three points of view as inseparable, and 
we may give our attention to either one or the other, just as. until 
recently most North American studies have been devoted to inves- 
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tigation of the ecological station and the analysis of the smallest 
associations. The union of the morphological, geographical, and 
phylogenetic points of view upon the physiological basis of adapta¬ 
tion and dependence, alone gives us the essence of ecology. There¬ 
fore we will devote the following remarks to an elucidation of these 
three fundamental ideas, and try to show how intimately their 

connecting threads are interwoven. 

(1) Considering the many internal and external differences in the 
adaptation of various organs to the environment shown by aquatic, 
rock-living, forest, and swamp plants, or springing, flying, creeping, 
and swimming animals, it has been thought expedient to elaborate 
this point of view separately, which serves as a basis for physiolog¬ 
ical anatomy. The works of Schwendener, Vesque, and Haberlandt, 
which turned the methods of systematic, anatomical description into 
physiological channels, gave botany its freedom. Yet it is difficult 
to develop a special ecological system of instruction from morphology 
and anatomy alone, since an inextricable network is formed by the 
relations existing between inherited systematic structure, climatic 
factors, regional peculiarities, and the influence of coexisting plants 
and animals, whether friends or foes. 

Each one of these relations is capable of forming a basis for com¬ 
parative analysis and classification. The dissatisfaction felt with 
earlier as well as with more recent divisions, such as those given in 
Reiter’s Consolidation der Physiognomik (1885), is explained by 
the inconsistencies which necessarily attend the incessant change 
from morphological to physiological or physiographical character¬ 
istics, and it is doubtful whether we shall ever be able entirely to 
avoid them. The difficulties are most apparent when we attempt 
to change the accustomed systematic arrangement of our museums 
to one which shall represent the ecological features of a given forma¬ 
tion. It is, however, necessary to work out this new point of \ lew , 


using ecological types as a basis. . , , 

There are quite a number of individual morphological form, 
having no definite ecological meaning; undershrubs, shrubs,and bulbs 
are found distributed in the most dissimilar stations mi ever) dime, 
while their requirements in regard to season, warm , a " ‘ 
differ totally. Undoubtedly the most important forms of vegetatio 
are those which depend directly upon the climate and whose appear- 
ance typifies to the geographer, unversed in eco ogica me ’ 
certain definite landscape. Von Humboldt tried to do justice to 
the importance of these forms when he made the first attempt at 


classification. , , , . ... 

The principles of ecology have been of especial value in the intro¬ 
duction of ecological names, which refer to annual periodicity, such 
“evergreen leather-leaf plants,” “trees bearing a tufted, ever- 


as 
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green crown,” and “leafless, perennial succulents,” in place of the 
systematic names of orders whose predominance characterizes a given 
landscape, such as conifers, palms, and cacti. The leaves have come 
to be more and more regarded as a distinguishing characteristic, 
and to them is dedicated Hansgirg’s Phyllobiologie, in which they 
are classified according to their pubescence, their flexible or rigid 
character, or according to their structure for protection from light, 
wind, or rain, or the method they adopt for shedding water, either 
by means of “spouts,” or of an impervious wax covering. It 
is their structure which bears the imprint of the climatic seal and 
determines the fundamental form of tree, shrub, bulb, and mat, 
just as their period of activity determines the length of the season. 
Thus in groups formed according to leaf and vegetative period, we 
naturally find the most diversified sub-groups, among which may be 
reckoned those classified according to the mode of displaying the 
flower, the manner in which it is fertilized, the protection of the pollen 
from rain, or the characteristics of parasitic or insectivorous plants, 
while there may still be others arranged according to the station, 
either in light or shade, on dry or moist soil, or humus or on rock. 

As yet, science has not succeeded in obtaining a satisfactory 
enumeration of the separate ecological forms, for this, the science in 
its anatomical and physiological aspect is still too young, but it is 
a pleasure to see the increase in investigation along these lines and 
the severe criticism to which the results are subjected. For the 
future, we can predict a classification of living forms, which, based 
upon observation of external appearance, will appeal to a far larger 
circle than do the intricacies of phylogenetic research, whose 
embodiment in a system offers just as great difficulties to the more 
formal methods of classification. 

(2) Ecology is the doctrine of reciprocal biological relations and 
of the adaptations acquired in the struggle for space and necessi¬ 
tated by the existing conditions of soil and climate; we may there¬ 
fore consider that these terms show us the links by which ecology 
is indissolubly bound to the geographical sciences. Still, it would 
not be right to consider botanical geography as only the same 
matter as botanical ecology, since, taken by itself, and without due 
regard to the ecological interpretation of phenomena, there exists 
also an abstract, geographical method of considering the organic 
world. 

If. however, we survey the organic world from the geographical 
point of view, it seems to us of the utmost importance to divide it 
into organic districts which will represent the essential characteristics 
of continents, islands, mid-ocean, and seacoast. From the biological 
point of view it seems of the utmost importance to discover the 
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causes determining the different areas of distribution, by an investi¬ 
gation of the life-history of our present environment, or, when this 
fails to give the required explanation, find out, by patient research 
among the geological records of the past, the locations where ana¬ 
logous conditions must have prevailed. 

The essence of geography is the endeavor to acquire knowledge 
of the distinctive features of the earth, and for this purpose all the 
data of related sciences must be collected. Since the organic sciences 
are constructed from separate bits of knowledge, they must take each 
fundamental element into account, that is, consider each individual 
species according to its inherent qualities and external form. The 
tendency of ecology to accumulate minor details obstructs the broad 
view towards which it has painfully toiled, until the introduction 
of the freer methods of geography aid it in uniting the results of 
divided effort. We have here before us an excellent example of the 
intimate connection between two branches of science, the one being 
the complement of the other and acting as a stimulus to further 

investigation. . 

The attempt has been made to introduce into ecology various 
phrases which shall have a definite, geographical application but 
in order to do this, due justice has not been done to existing facts. 
The phrase recently used, “Climate creates a flora, so.l determines 
the formation," seems to me to be unfavorable for the advancement 
of future research along those lines where climate and soil furnish 


a causal explanation. . . ... 

Climatology especially must be restricted within its proper limits, 
where, however, it must be given all its privileges, as, for instance, in 
the classification of continental zones. It seems to me entirely wrong 
to allow the undue influence of a certain factor to establish unnaturn 
scientific divisions in a subject whose inherent worth lies in the cor¬ 
relation of the most heterogeneous data. The defects which arise from 
the use of a single morphological characteristic have been recognize.! 
in systematic classification, so that here, where the investigator must 
deal especially with the complexity shown by determining factors, 
the giving prominence to one factor alone will ennb c inn <> 
only a small portion of the field and will give him but imperfect 


means of taking his bearings. . . .. n . 1irft , 

In the determination of both large and small divisions ^natural¬ 
ist is ever haunted by the same questions: for whic ) arm. g 
tion, as well as for their union into formations, is eac u 
adapted, and by what vital conditions does it differ from neighboring 


districts? , _ . . 

It is strange that until now the ecological branch of animal geo¬ 
graphy has almost neglected this, to me, most interesting side of the 
question. Yet the periodic phenomena of animal life, so often coi 
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temporaneous with those of plant life, should invite the investigation 
of the naturalist. Recently, in the subtle work of Kobelt, animals 
have been divided into great groups according to their behavior 
toward the northern winter, as well as according to the cause and 
forms of their migrations. This immediately brings up questions 
as to the climatic limits of their distribution, the southern boundary 
of hibernation, and also of the parallel which separates the winter 
and summer quarters of the northern eider-duck from those of the 
Antarctic penguin which cannot fly. With these we may compare 
the shorter migrations of reindeer and bison. 

The time may not be far distant when the geographical maps of 
the animal kingdom will emphasize this point of view more strongly 
than the fact of mere territorial distribution. For its part, botanical 
geography is occupied in making clear in separate, experimental 
works, the connection between landscape and formation, and, by 
imitating geology in the publication of special maps, a long-felt need 
is being satisfied. Such actual accomplishment counts much in a 
field where our wish to make clear the cause so far outstrips our 
ability to do so, for we must not forget that in all other special scien¬ 
tific branches the final aim lies before us much more clearly than in 
ecology, which must be regarded as a place of public assemblage, 
and it would fare but poorly if it spoke of a final aim before suffi¬ 
cient work had been accomplished in the investigation of all vital 
phenomena. 

The difficulty of stating clearly the reasons for the changing garb 
of this or that formation is shown by the circumspection used 
in MacMillan’s work upon the Lake oj the TFoods, where, for the first 
time in America, this attempt has been made. We find another ex¬ 
pression of this difficulty in the rows of figures enumerated in Jac- 
card’s comparison of analogous association in the mats of the Swiss 
Alps. The vital question here is: Why, when fruits and seeds are so 
widely disseminated, do the stations of the different species remain 
so clearly defined within the areas of distribution? Even if we 
could empirically determine the vital needs of a single species by 
a consideration of its climatic requirements, area of distribution, 
and nature of the station, we should still be unable to explain the 
inherent differences caused by a greater or less degree of acclimat¬ 
ization, or the changing association of species and their different 
bearing in widely separated districts. 

(3) Thus we are led to a consideration of the essence of species, 
in whose powers of adaptation and variation we find the key to the 
important problems which weigh upon us when we regard the abund¬ 
ant fo-i.:? at .'fe which take part in the world’s work and live in peace 
and harmony under the favorable and unfavorable influences to 
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which they are subjected. This last point of view is that of ecological 
phylogeny, or the study of the variability of species during the 
struggle for space under the direct influence of newly acquired 
qualities. 

The accumulated data concerning isolated, endemic species and 
the nearly related forms of a large specific group distributed over an 
extensive area, are only seen in their true light when we observe the 
ecological requirements in connection with distinguishing systematic 
characteristics and also take into consideration the results of recent 
research concerning the variability of species. Thus we may study 
from an ecological standpoint the problem suggested by Jaccard as to 
the cause of the reduction in number of species inhabiting a limited 
area, the number of genera being correspondingly large. This fact has 
long been noticed on islands in mid-ocean, and comparison has shown 
it to be equally true for separate mountain ranges. It appears as if a 
natural genus, rich in species, were permeated by certain fundamental 
ecological qualities, which enable it to appear in many places as 
victor in the struggle for space, yet each species of this same genus 
can only appear in a few places, so that an association may consist of 
many different genera, but each genus will be represented by only a 
few species. This appears to be the solution of the problem concern¬ 
ing the development of representative species in widely separated 
districts whose floral elements appear to have had the same ancestry. 
This is shown by a comparison of the European, North American, 
and East Asiatic floras, where we so often find nearly related species 
filling a similar ecological role. The larch belonging to all three 
continents, many moorland shrubs, the beech and the birch, all 
having a wide distribution, can be cited as affording excellent exam¬ 
ples of this fact. Sorbus Americana in the mountain regions of New 
England and New York holds a position similar to that of Sorbus 
aucuparia of central Europe. Few species have remained cxac ly 
the same; the greater number have been broken up into represen a- 
tive forms, showing on the one hand species with decidedly similar 
ecological adaptation, while on the other hand many species have 
developed into dissimilar forms possessing dissimilar modes ot me. 

The persistence of certain ecological habits in a species, genus or 
family, is made the basis of paleontological conclusions. \\c_ judge 
of the climate of central Europe during the Miocene epoch by th 
conditions existing to-day in places where we find 1 axodium. Sequo a, 
Sassafras, Magnolia, and Platanus. The beeches and firs of hat time, 
we consider, were relegated to the mountainous districts. It seems to 
us hardly probable that a plant like Taxodium. which in the warm 
Miocene reached as far north as Spitsbergen and Greenland, and has 
remained unchanged inform for one hundred thousand years, should 
alter its climatic requirements; we feel rather that it persists to-day 
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only in those places where the hypothetical Tertiary climate still 
predominates. 

If we need still further illustration, we might mention the fact 
that agriculture, developed through centuries of human experience, 
is a branch of ecology which long preceded methodical science. In 
agriculture man took the household economy of plants into his own 
hands in order to provide them with the necessary light, the most 
propitious time for germination and ripening of the seed, and the 
most suitable soil, paying due regard, however, to the succession of 
seasons peculiar to the country and to the meteorological conditions. 

A botanical garden to-day, richly equipped with natural planta¬ 
tions of every kind, greenhouses, moist and dry, hot or warm, bright, 
or illumined by cool, green light, shows how many plants, native to 
all climates and having the most varied requirements, may actually 
be brought together in a small space by means of the careful imita¬ 
tion of those conditions which we observe in the immense extent of 
territory stretching from equator to pole. Progress in horticulture 
denotes a minute observance of the vital phenomena of all the plants 
we wish to assemble about us, and physiological investigation of the 
effect of temperature and season give us the knowledge necessary 
to change winter to spring in our drawing-rooms and conserva¬ 
tories. 

Humanity gladly claims its share of the achievements which 
beautify existence. Universal cultivation of the intellect cannot 
remain unaffected by results, which, together with those of other 
branches of natural science, escape from their special field to become 
so widely disseminated as to fill the thoughts of man and counter¬ 
balance the effect of the strictly logical, mathematical point of view. 

Ecology has arisen from the need to unite originally separate 
branches of science in a new and natural doctrine; it is characterized 
by the breadth of its aims, and its peculiar power and strength lie 
in its ability to unite knowledge of organic life with knowledge of 
its home, our earth. It assumes the solution of that most difficult 
as well as most fascinating problem which occupies the minds of 
philosophers and theologians alike, namely, the life-history of the 
plant and animal worlds under the influences of space and time. 
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One hundred years ago our country more than doubled its ex¬ 
tent. At the anniversary of this great event, one of the most mo¬ 
mentous in our national history, it is fitting that its widespread 
effects should be considered not merely in relation to the growth and 
material prosperity of our country, but to all phases of the intel¬ 
lectual and scientific development of the nation. Our subject this 
afternoon is certain problems regarding plant life, problems which 
have become practical, important, and even vital to the interests of 
the American people, largely through the very territorial accession 
which we are now commemorating. While the Louisiana Purchase 
doubled the area of the United States, it increased in a far higher 
degree the physical and climatic diversity of the country, lhc 
newly acquired territory contained wider prairies, higher moun¬ 
tains, greater forests, deeper gorges, and more and plains than any 
east of the Mississippi. It was a region of extremes of altitude, tem¬ 
perature, and precipitation. Its successful exploration, settlement, 
and agricultural development presented to our government and 
national energy problems as intricate in their solution as they "eie 

vast in magnitude. , r 

Furthermore, the subsequent annexation of Texas and La - 
fornia was a logical sequence of the Louisiana Purchase, for it «ould 
scarcely have occurred had Louisiana remained m foreign; 
sion. When the great Southwestern and Pacific States, wit h'their 
still more varied climate and floras, are thus brought also n to.con¬ 
sideration, it will be seen that the Louisiana 1 urchasc has directly 
or indirectly increased by many times the exten an imp 
of the botanical problems of our nation. 

It is a matter of common experience that one of the best indica¬ 
tions of the value of wild land is furnished by Us native vegetation, 
and it is of interest to notice how early in the exploration of the 
Louisiana Purchase this fact was realized. The management of this 
great and beautiful exposition has named this very day in honor of 
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Lewis and Clark, the first effective explorers of the original Louis¬ 
iana. Every botanist may recall on this occasion with pleasure the 
fact that Captains Lewis and Clark gave much attention to the 
strange and varied vegetation of the regions traversed during their 
intrepid journey into the pathless wilderness, which will always form 
one of the most thrilling and dramatic incidents of our national 
history. What is more remarkable, they brought back with them 
a considerable number of plants. It is pathetic to think under what 
difficulties and with what devotion to science these plants were 
collected, prepared as scientific specimens, labeled, securely packed, 
and transported thousands of miles overland under circumstances 
which made each pound of baggage a source of untold labor and 
peril. It was through these specimens, so heroically obtained, that 
the floras of the vast and varied valleys of the Missouri and Upper 
Columbia first became known to science. 

At the time of Lewis and Clark the study of plants had but two 
important branches. These were classification and economic botany. 
A plant was investigated solely with the objects, first of determining 
its place in a rather arbitrary system, and second of discovering its 
uses. At the beginning of the twentieth century, on the other hand, 
botany, now become one of the richest sciences in carefully observed 
and accurately recorded facts, is divided into many highly special¬ 
ized fields of research. While the extent to which this subdivision 
has now been carried is often a surprise to the non-botanical, such 
terms as plant classification, plant anatomy, vegetable histology, 
physiology of plants, vegetable pathology, paleo-botany, and the 
like, are readily comprehensible to the intelligent layman. He may 
derive from them a considerable idea of the nature and import¬ 
ance of the subjects they designate, even though he may be igno¬ 
rant of their extent and details. The word ecology, however, is too 
recent and technical in its application to be familiar to many who 
have not been professionally engaged in some phase of botanical 
work. The term, although equally applicable to plants and animals, 
has been used far more freely by botanists than zoologists, and it is 
solely in its botanical sense that it is here employed. Of the various 
definitions of ecology I believe none surpasses in terseness and 
excellence that suggested by Professor Barnes. “Ecology is that 
portion of botanical science which treats of the relations of the 
plant to the forces and beings of the world about it.” 

The scope, significance, and probable future of ecology can only 
be understood after some examination of its origin and history. 
The subject, although older than its name, is still a relatively new 
one. and it is worth while to examine its position with regard to the 
older branches of botany. The relation of ecology to plant geo¬ 
graphy is especially complicated and difficult to state. Discussions 
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on this subject are apt to leave the reader a little in doubt whether 
ecology is to be regarded as a phase or subdivision of plant geo¬ 
graphy, or whether plant geography is only a generalized form of 
ecology, or finally whether the two are capable of separation even 
by a rather vague boundary. So much, however, may be said with 
definiteness. These branches of botany have arisen independently 
and differed greatly in their history and point of view. They have 
both dealt with adaptation of plants to conditions of soil, climate, 
and communal life, but have approached the subject from opposite 
sides. Plant geography, much the older of the two subjects, was 
at first closely allied to systematic botany. It was pursued chiefly 
by systematists, and consisted largely of a series of generalizations 
upon the distribution of genera and species and their rough group¬ 
ing into floras. More and more has the plant geographer studied the 
adaptive traits of plants, and observed their biological rather than 
their systematic relationships, until he now bases most of lus con¬ 
clusions upon ecological data. On the other hand, the ecologist 
beginning with the individual plant and examining the relation ot 
its structure to its activities and the activities to the environment, 
has been gradually and naturally led to wider and wider general¬ 
ization regarding the influence of structure upon distribution and 
of environment upon structure, until in his plant societies and 
plant formations, he has speedily arrived by another path at just 
the point more slowly reached by the plant geographer. 

The material of these two branches of botany is nearly or quite 
coextensive. It is difficult to find any ecological modification ot 
a plant which is not at least in some slight way connected w, h its 
distribution, and conversely the present distribution of plant Id , 
which forms the subject-matter of plant geography, has undoubted!} 
resulted immediately or remotely from ecological causes. It has >c 
well said that plant geography is the study of the presen cons - 

quences of past ecological conditions. 

By its nature plant geography has been descriptive and classi- 
ficatory. With all due regard to their natural affinities adairtat.on 
and gradual association, it has grouped plants pr.nKardy accm'dmg 
to the soil and climatic conditions in which they gro«. ^ 

with the dynamics of plant life, with such phenomena aicon,pe .Uon 
among plants, crowding and tension of floras, migratmn of pUnts, 
parasitism, symbiosis, and the complex relations of benefiti and 
injury which exist between plants and amma s. .. 

ments of botany the most recent in development rapid m growth, 
and fascinating in subject-matter. The details of c ^s.fication ana 
tomy, and physiology are dry and cold compared with such ecologies 
discoveries as the varied modes in which plants are protected agams 
the attacks of animals, the complicated ways in which they scatter 
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their seeds, or the highly complex adaptations of their flowers to se¬ 
cure cross-pollination. What facts of systematic botany, for instance, 
can be compared in popular interest with the adaptations of the ant- 
plants or the marvelous biological relations of the Yucca flower and 
Pronuba moth so critically studied by a distinguished botanist of 
this city? Ecology presents plants in their most human aspect. It 
deals with their struggles for room, light, and food. 

It would be natural to suppose that a subject so varied and fascin¬ 
ating would have been among the earliest phases of plant study to 
receive attention, but it is only within the last two decades that 
ecology has asserted itself as a department of botany. Of course, 
the observations and records upon which ecology rests have been 
accumulating for centuries. The task which has been accomplished 
in recent years is the arrangement of these observations in new se¬ 
quences and their interpretation from a new point of view. It is 
scarcely necessary to say that the new standpoint was furnished by 
the theory of evolution. 

This being true, however, it would be natural to ask why the effect 
was not more immediate, and why a quarter of a century elapsed 
between the clear enunciation of the Darwinian hypothesis and the 
first organized study of ecology. This was due chiefly to two causes. 
In the first place the Darwinian theory itself was, in its varied aspects, 
a matter so important, and so violently discussed in its early years, as 
to leave among speculative biologists little attention for other mat¬ 
ters. On the other hand, mechanical improvements in the micro¬ 
scope, microtome, and other such apparatus had just then opened 
great vistas of technical research along the lines of plant anatomy and 
physiology, which consequently formed in the sixties, seventies, and 
eighties the most popular fields of botanical study. Here the spirit of 
investigation was by no means speculative. Anatomical structures 
were studied in great detail, but there was an almost morbid reluct¬ 
ance to theorize upon their physiological significance. In like manner 
the physiologist was measuring and weighing, timing and recording 
the vital processes of the plant, but his work was chiefly in the labor¬ 
atory, and he was not given to speculating upon adaptations to en¬ 
vironment or the complex influences which determine plant distribu¬ 
tion. The plant physiology of the seventies was as far removed from 
ecology as human physiology is from sociology. 

In the late eighties and early nineties a feeling arose almost simul¬ 
taneously in several quarters that anatomy to be of real value should 
be physiologically interpreted, and that physiology should go forth 
from its laboratory to observe and name a host of processes and 
forces of nature, which are no less important because in many in¬ 
stances they can neither be measured nor weighed. The new science 
thus called into existence, was first spoken of as biology of plants, 
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but it was quickly found that the term biology, already overloaded 
with meanings, would prove but poorly distinctive in this applica¬ 
tion, and the name ecology was substituted. 

It is easy to understand the rapid growth of the subject. The most 
attractive phenomena of nature were awaiting its reclassification. 
The speculative biologist had done much to clarify ideas upon the 
evolutionary history of the vegetable kingdom. The unspeculative 
histologist and physiologist had been accumulating a great wealth 
of facts, which were ready at hand to be correlated by broad and 
interesting generalizations. Systematic botany added its well-nig > 
boundless literature regarding the affinities and diagnostic features 
of plants. Conditions were all favorable. 

One of the greatest difficulties of the ecologist has been to find a 
simple basis of classification for the phenomena covered by his sub¬ 
ject. Their great diversity has made it hard to group them in a logical 
system. Their common element is too slight to suggest a consistent 
arrangement. It is true, ecology can in a very broad way be divided 
into the relations of plants to their inorganic environment, to other 
plants, and to animals; but this does not go far toward a satisfactory 
classification. The clearest and by all means the best basis for the 
grouping of ecological facts is their geographic aspect. As lias been 
already mentioned, there are few if any ecological modifications of 
plants which cannot be in some way correlated with their habitat 
It is in this way that ecology has now become inextricably merge 
into phytogeography, and that phytogeography enriched by ecolog¬ 
ical methods has become one of the most attractive and promising 

fields of botanical research. , 

Having thus endeavored to make clear the general nature and 
origin of ecology, together with its historical relation t0 
graphy, I may proceed to their joint problems, treating henoefort 
the two subjects as coextensive and forming but a single 

The examination of plant life from a new point of view nec^.tated 
to a great extent a new nomenclature. All ecological phenomena, and 
especially every phase of plant distribution, had to be reeNam.ned 
in a detail which could not be technically expressed b> 
words. Old terms were redefined and new ones invented 
ing succession. This nomenclature is still inchoate f°r the gronth 
of interest in ecology has been so sudden that t lerc las 
for its language to become fixed by usage or for any survival of the 
fittest to determine which of its many synonymous terms n illpr » ■ 

There are at present two genera, practices or tend. 

Many of the most critical and effective writers on plant relations have 
contented themselves with a small number of new erra . 
ing a novel idea for which no technical term ^as a » 
avoided coining one, and have used instead some descriptive phrase. 
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On the other hand, it has seemed desirable to some of the more strenu¬ 
ous, especially in America, to make up an extensive and highly elab¬ 
orated vocabulary. 

Neither of these practices should be hastily condemned. The for¬ 
mer method of expression, even if seemingly less precise and erudite, 
has the great advantage of immediate clearness. It is businesslike, 
practical, and free from any suggestion of affectation or pedantry. 
But on the other hand, in favor of such an elaborate terminology as 
that suggested by Professor Clements, it may be forcibly urged that 
a well-chosen technical term, even for an obscure conception, not 
only makes for brevity, but does much to fix and clarify the idea. It 
gives a convenient handle to a thought which may be otherwise diffi¬ 
cult to grasp and awkward to employ. It may be further argued that 
most branches of science are considerably incumbered by a faulty 
and often misleading nomenclature of casual and unsymmetrical 
growth, by no means ideal, yet too firmly fixed to permit of reform. 
Is it not, therefore, desirable that ecology, a new branch of science, 
should be supplied at once with an adequate and consistent termin¬ 
ology, and thereby be spared many wordy wrnnglings and abortive 
nomenclature reforms which must inevitably result from a laissez 
faire policy in this matter? It cannot be denied that this reasoning 
has weight. Surely there is no systematist who does not regret the 
lack of convention in this regard among early writers upon his own 
subject. 

The first great problem of ecologists is, therefore, to establish an 
adequate, expressive, and logical language of their subject, —to es¬ 
tablish, I repeat, not merely to invent such a terminology. If effective 
uniformity in methods of expression can be accomplished, it will well 
repay prolonged effort and do much to give precision as well as dig¬ 
nity to the subject. In just this matter of nomenclature it may be 
thought that the systematist is in a poor position to offer advice, but 
surely he may be permitted on the score of long and trying experi¬ 
ence to voice some cautions. 

It has been suggested that ecological terms should be chosen by 
priority. This idea recalls the advice which a great art critic is said 
to have given when asked what step should next be taken in develop¬ 
ing one of our municipal art galleries. His unexpected counsel was to 
burn it up. The principle of priority might not so completely destroy 
the fine arts of ecology, but it would inevitably singe and blacken 
them. Priority is only barely tolerable in taxonomy. No system¬ 
atist determines his names by it absolutely, and the most annoying 
disagreements have arisen from varying efforts to restrain its ill 
effects. Were the principle of priority of expression to be adopted 
in ecology, many well-selected and now current terms of relatively 
recent origin would have to give place to the vaguer, poorly defined 
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terms of the earlier plant geography, or else some recent initial date 
would have to be fixed, and this would give great and perhaps unfair 
prominence to the works which happen to have been published at or 
shortly after that date. It has been found difficult enough for sys- 
tematists to arrive at an agreement regarding this matter of an initial 
date, even in regard to authors of the rather remote past. It would 
be much harder for ecologists to make such a decision concerning 
a literature which is still chiefly of living authors. But, even if this 
matter of an original date could be harmoniously settled, the prin¬ 
ciple of priority would be a bad one. It would mean, not that the 
most fit, maturely considered, carefully discussed, and well defined 
term should be adopted, but that chance expression which happened 
to be used when the idea was first glimpsed. Furthermore, the matter 
of doubtful and partial synonymy of terms would present great diffi¬ 
culties in any such plan. Even aided by their far more formal 
descriptions and carefully preserved type-specimens, systematists 
often find synonymy almost impossible to unravel. Let this be a 
warning to ecologists. 

Although this problem of terminology is so difficult that it should 
be taken very seriously, it need not be disheartening to the ecologist. 
The compilation and precise definition of a few hundred appropriate 
Latin terms with their vernacular equivalents in the more important 
European languages should not present a task of insurmountable 
difficulty for a well-chosen international commission, and would do 
wonders towards a solution of the trouble. The task is in no "a> 
comparable to that imposed by the two or three hundred thousand 
names with which systematic botany is weighted down. 

During the brief course of its existence the progress of ecology both 
in the organization of earlier observations and in the discovery o 
a host of new facts has been flatteringly rapid. Of late, however, there 
has been a little cooling of enthusiasm, a barely perceptible tendcnc) 
toward reaction, a slight question whether the subject of ecology w«U 
fulfill the promise of its hitherto conspicuous development. in* 
feeling has been, if I rightly understand it, that the striking general¬ 
izations have now been made and the most accessible facts obsei ved 
that for its further progress ecology must now pass to details, a 
that these details will be found to have been already discovered and 
recorded to a considerable extent by the anatomist, physiologist, and 

With this view I have no great sympathy. It is quite true that the 
ecologist has now reached a period of detail work m which results 
will come more slowly and be less spectacular, but still the point of 
view of ecology is admirably distinct, and the problems of the subject 
are endless. 

In the first place, let us consider the division of vegetation into 
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life-zones, plant formations, plant societies, etc. Who will say that 
this highly interesting work of the ecologist is approaching completion? 
His scheme as yet is but an outline map, filled out only in a few isolated 
areas. Great reaches of territory have been wholly unexamined. Ad¬ 
mirable work has been done locally. Even considerable tracts, espe¬ 
cially in Europe, have been examined in detail, and the results brought 
together in Engler and Drude’s noble work, Die Vegetation der Erde. 
Warming, Schimper, Goebel, and others have extended ecological 
work to portions of the tropics of both hemispheres. In our own 
region there are many examples of critical work on restricted areas, 
as, for instance, Mr. Kearney’s study of the Dismal Swamp and its 
environment, Professor Ganong’s observations on the vegetation 
about the Bay of Fundy, our chairman’s studies in Minnesota, 
Pound and Clement's organized presentation of the phytogeography 
of Nebraska, and Professor Cowles’s interesting examination of the 
southern borders of Lake Michigan. Yet let any one who doubts 
ecological opportunity take a map of the world and note what an 
exceedingly small fraction of its surface has been seen by the eye of t he 
ecologist, and what vast fields are still awaiting examination. There 
is not one of our states, even the smaller and more thoroughly exam¬ 
ined Eastern ones, which does not offer to the plant geographer mater¬ 
ials for monographic study and a volume as full of new information 
and valuable records as the phytogeography of Nebraska already 
mentioned. Just beyond the limits of our country is the great expanse 
of British America, readily accessible, healthful in climate, with a 
rich flora, taxonomically well explored and recorded by an indefat¬ 
igable government naturalist, but offering for the most part virgin 
soil to the ecologist. Mexico, of which now even the remoter parts 
can be reached by rail, is a country of boundless floral wealth. With 
enormous mountains, wide plateaus, low tropical jungles, and exten¬ 
sive deserts, it ofFers in relatively close proximity an astonishing 
diversity of climate from arctic to torrid and from the parching dry¬ 
ness of arid sands to the most dense and oppressive moisture of the 
tropics. It possesses a vegetation far more varied in character and 
probably more rich in number of species than all the rest of the North 
American continent. Each mountain and valley seems to have its 
individual flora. To date, perhaps half a dozen trained ecologists 
have made hasty trips through small portions of Mexico. In their 
hurried records they have accomplished only the slightest beginning 
upon the varied and seemingly endless problems which the country 
offers. Although more difficult of access, Central and South America 
offer no ’.ess of ecological diversity and interest. Surely the unex- 
p*:red territory on our own continent alone offers the ecologist the 
work of a century. 

But it is by no means the case that these hitherto unexamined 
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regions''present to the ecologist his only opportunity. His observa¬ 
tions can be indefinitely extended, not merely in breadth, but in 
depth. To the taxonomist there seems to be a serious defect in many 
ecological publications, a lack of accuracy arising from the author’s 
imperfect knowledge of systematic botany. Too often the ecologist, 
in characterizing his plant formations and plant societies, is contented 
with mentioning a few of the more obvious, showy-flowered, and 
easily determined spermatophytes. It is rarely, indeed, that he states 
fully and correctly the numerous species of goldenrods, willows, 
rushes, sedges, and grasses, to say nothing of cryptogams, which 
form such a large and important part of the flora he is studying. 
These groups are for him inconveniently technical, and he is all too 
apt to sum them up in a sort of generic way by such vague expres¬ 
sions as “Solidago species,” “several undetermined Junci," “many 
sedges,” etc. When the taxonomist protests against this superficial 
treatment of important groups, the ecologist replies in a superior 
manner that he cares little for such nearly related species, that they 
intergrade,and are from his more philosophic point of view relatively 
insignificant; that, in fact, he believes the systematist to have split 
up species in these more difficult groups far beyond what is natural 
or practical. Several prolific ecologists have intimated that they care 
but little about the details of post-Grayan classification. They men¬ 
tion as single species such perfectly demonstrated and undeniable 
complexes as Antennaria plantaginifolia, Viola cucullata, Potentilla 
canadensis, and Taraxacum officinale. 

What makes this matter the more unfortunate is that the ecologist 
is rarely a collector in the taxonomic sense. His lists are often made 
in the field, and are subject to no check or control by means of ade¬ 
quate and carefully preserved specimens. This course seems all the 
more venturesome at a time when the systematist is becoming daily 
more reluctant to make field determinations, being fully aware how 
untrustworthy and valueless such identifications are, and how im¬ 
possible it is for any memory to retain the details of recent specific 
segregation. Under these circumstances, how can the ecologist hope 
to make accurate field-lists, or how, without specimens preserved as 
vouchers, can he expect that his catalogues will be intelligible, not 
to say convincing, to other botanists? 

In making these strictures on certain all too common ecological 
methods I do so by no means in the spirit of adverse criticism, but 
merely with the hope of showing more clearly the great problems 
still ahead of the ecologist. For a writer on plant relations who con¬ 
tents himself with mentioning Antennaria plantaginifolia as though 
it were a single species closes his eyes to a whole vista of most inter¬ 
esting observations along his own line. The taxonomist has proved 
that, instead of being a single species, this is a highly polymorphous 
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group of nearly related, although rarely, if ever, intergrading species. 
He knows that they have different ranges and habitats, and further¬ 
more that by their parthenogenetic tendencies and the rarity of the 
staminate plant they offer to the biologist problems of exceptional 
interest. This is but one of many cases where from an indifference to 
the refinements of modern classification the ecologist has as yet failed 
to perceive lines of fascinating investigation appropriate to his own 
subject. Why should the ecologist by his own confession and pre¬ 
ference be fifteen or twenty years behind the times in his taxonomic 
equipment? 

While this is undoubtedly the rule, I am glad to say there are 
notable exceptions. The care with which Mr. Kearney has based his 
ecological study of the Dismal Swamp upon a large series of numbered 
specimens, critically identified and preserved at a great centre of 
taxonomic work, merits high praise. Other equally notable instances 
of conscientiousness in these matters might be cited. 

In general, however, life-zones, plant formations, and plant soci¬ 
eties have been indicated merely by the more conspicuous plants, 
identified largely in the field and with but little attention to herb¬ 
arium records. Were ecologists from this time on for many years 
to explore no new territory, but merely extend their observations to 
the less conspicuous plants and more technical genera, were they 
to take full advantage of the most modern and detailed taxonomy, 
were they to place correctly in its ecological class each sedge and rush, 
each aster, lupine Antennaria, stemless violet, and Sisyrhinchium, 
not to speak of cryptogams, they would find no lack of profitable 
occupation or interesting results. 

In the definition of plant associations there is almost always 
vagueness. To some extent this is inherent in the subject. Floras pass 
into each other gradually, and sharp definition is as impossible as it 
would be unnatural. Yet there can be no doubt that further study 
could make the classification more definite. At present plant form¬ 
ations and societies are characterized, as we have seen, usually by 
a few typical and conspicuous plants, other plants often being men¬ 
tioned as of more general distribution, occurring promiscuously in 
differing ecological conditions. In examining ecological lists it is 
noticeable that just these less readily classified plants are in many 
instances those which the systematist is inclined to segregate into 
two or more species. It is impossible to escape the conviction that 
the cologist by studying these segregations could often place their 
component- ..ith greater definiteness than he does at present the 
aggregates, ; hereby attaining an added completeness and precision 
in phytogeo.: aphic groups. 

From these facts it seems clear that ecology may obtain new depth 
bv the aid of modern taxonomy. The converse is equally true. In 
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several matters the systematist must look to the ecologist for help in 
solving the most difficult problems of his field. In our present classi¬ 
fication of plants there is still much that is artificial. On account 
of the overwhelming number of species to be examined and placed 
in the system, it has been as yet absolutely necessary to interpret 
each chiefly by the historic type. Every thoughtful systematist 
knows how arbitrary this is, and how seriously it hampers a natural 
characterization of individual species. The majority of plants have 
been first described from a very few specimens, or in many cases from 
a single individual, which ever thereafter remains the type of the 
species. That this historic type really represents the most typical 
form of the species can only be a matter of accident. In many cases 
it certainly does not. Yet, up to this time, it has often teen impossible 
to solve by purely taxonomic investigations the difficult “ 

which of several intergrading forms or varieties should be considered 
typical, central, or original, and which are secondary, peripheral, or 

^complicated problem is here involved. 11 is ,rue thath “ 

been somewhat obscured, although by no means hidden by some sys- 

tematists, who have thought to minimize the difficulty byr thei min 
subdivision of their species. This, however, is obviouslyonya a er 
of words. To call a variety by a specific name does not stop its free 
intergradation, nor solve the problem of its origin and _vambi.V- 
It is certain that there are many variable species and that he 
tions have proceeded from a recent common type. It.. further to 
be inferred that this typical form ,s in many “ces til ex anL 

S’ 

of geographic variation in polymorphous species. 

To turn now to a very different 

would call attention to the runty ^o »J intC resting work has 

ecology. It is not to be denied thttwj. v«Y ^ ^ instancc pro . 

been or is still being earned on alo g * upon alpine 

lessor Gaston Bonnier’s studies of the influence of alritud^por^ajprne 

plants cultivated at different levels, but on « h * 

been little worked. Of course, it may be said that mud. d^ 

cWd as the^ifi f c e as P pec, 

is apt tobe ttacured by the more conspicuous economic and esthetic 
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interests, and the results to ecology are not great. The field here 
opened is boundless. 

It is one of the chief difficulties of the ecologist measuring the effects 
of the different forces of nature upon plant life, that they are all acting 
at once. Each plant when in a state of nature is simultaneously 
affected by the physical and chemical nature of the soil, amount of 
light, degree of moisture, exposure to wind, density and purity of the 
air, crowding of other plants, and attacks of animals. Its develop¬ 
ment is the mathematical resultant of the composition of these forces. 
To understand their relative influence upon the plant it is necessary 
to isolate them. To do this it is only needful to vary one influence 
while maintaining the stability of the others. Such experiments 
require no great ingenuity, and may even be applied to plant com¬ 
munities of some size; thus the addition of a single chemical substance 
to the soil, changing the amount or character of the light, adding or 
withdrawing competing plants, modifying the degree of moisture 
in air or soil, or controlling in some single regard the animal environ¬ 
ment . are nearly always possible, and often very easy experiments. 

It may be said that these things have all been done repeatedly by 
the plant physiologist. This is very true, but it is to be remembered 
that his point of view has been different. He has tried these experi¬ 
ments to learn the specific reaction upon the particular plant. To the 
ecologist, however, their interest would be in the comparative effect 
upon the different components of a flora, for it would be thus that he 
would gain new insight into the fundamental factors in distribution. 

Professor Warming, a great leader in ecological investigation, said 
some years ago, “There is scarcely a more attractive biological field 
than to determine what the weapons are with which plants force one 
another from their positions.” Professor Ganong, in recently com¬ 
menting upon this idea, says, “To-day we know no more of that sub¬ 
ject than when Warming wrote those words.” May not this problem 
be simplified by reversing it? Would it not be better to begin not 
with the weapons, but with the vulnerability of plants? Is it not 
safe to assume that when certain plants give way in competition it 
is because they are to a greater extent subject to some one or more 
adverse influences? The nature of these and the degree to which each 
species of a community is affected by them can to a great extent be 
determined by experiments such as have been suggested. When the 
relative vulnerability of the different plants has been found, it may 
be logically assumed that the weapons of the more resistant are 
noiid- other than their superior faculties of withstanding these 
unt* .. ; influences, forces which by artificial control may be ascer- 
taineu »ith definiteness and measured with precision. 

I'o this point I have spoken chiefly of the development of ecology 
as a pure science. Although we live in an age when the pursuit of 
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knowledge for its own sake needs neither excuse nor apology, never¬ 
theless, it is in its practical application that every science excites the 
keenest interest. An investigation void of immediate or indirect 
effect upon human welfare is relatively unattractive. An expert 
mathematician recently told me that there were great fields in his 
subject, hitherto unexplored, because they are too remote from any 
known application to physics, astronomy, mechanics, or any other 
branch of applied mathematics. The same is true, although perhaps 
to a lesser extent, in certain phases of biological work. They seem 
too far from probable usefulness to stimulate the investigator to 
their enthusiastic pursuit. This can, however, in no wise be said of 
ecology Dealing as it does with the vital relations of plants to their 
surroundings, it yields information of the highest importance to 
the farmer, nurseryman, and landscape gardener. Indeed, it bridges 
just that all too wide'gap between theoretical and applied botany, 
connecting the abstruse fields of plant anatomy, plant physiology, 
and classification with the concrete applications of botany in agri¬ 
culture, horticulture, and forestry. The ecologist will never lack 
that wonderful stimulus which comes to the investigator who is 
conscious that his work is important to the welfare of his fellow 
beings, and intimately bound up with human progress. 
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It is possibly a contemporary delusion that we are living in a pe¬ 
riod of unexampled mental activity. The life of the intrepid modern 
scholar affords opportunity for self-deception. If one becomes a 
fhember of a sufficient number of learned and quasi-learned societies, 
and attends committee meetings for an adequate variety of purposes, 
the impression of profitable intellectual endeavor may be prematurel> 
acquired. There is much, however, to account for the prevailing 
sensation of breathless advance. The physiologic and psychologic 
accompaniments of a breakneck pace are not altogether lacking 
in the modern world, and there are bacteriologists, in particular, 
who will lend a credent ear to affirmations of the rapidity of scien¬ 
tific progress. However this may be, few can question that the 
development of the science of bacteriology has been mar e y an 
unusual tempo. To those who have followed this development 
closely, discovery has trod upon the heels of discovery in bewil¬ 
dering succession. The scant thirty years of its history have been 
crowded with feverish activities, which have found their best justi- 
fication in the results accomplished. At present the science ouc es 
nearly many human interests, and sustains manifold and far-reaching 
relations to the whole body of natural knowledge. It is no matter 
for surprise that such should be the case with a science that owes 
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its birth to a chemist, that concerns itself with microscopic organisms 
belonging both to the plant and animal kingdoms, and that extends 
its ramifying branches into the regions of medicine, hygiene, and the 
industrial arts. 

In several respects the history of bacteriology might be held to 
epitomize that of the other natural sciences, or of the living organism 
itself. Advance in complexity of struqture entails greater complex¬ 
ity of relations and adjustment; maturity has more extensive 
connotations than youth. Bacteriology is a relatively youthful 
branch of the stream of knowledge, but in late years it has per¬ 
ceptibly widened its banks. It has even encroached upon certain 
neighboring sciences. Modern physiography uses the term piracy 
to designate the capture by one stream of that portion of a water¬ 
shed legitimately belonging to another stream. In the same way, 
one natural science, owing to peculiarities in its subject-matter, in 
its evolutionary history, or in the tools with which it works, may 
enter upon a piratic career, and appropriate territory which for va¬ 
rious reasons has remained unexploited by the science to which 
topographically it may seem to belong. This annexation of neigh¬ 
boring fields has been not uncommon among the natural sciences, 
and bacteriology has not shown itself free from the general tend¬ 
ency. A notorious instance of piratic conduct on the part of bac¬ 
teriology is the virtual appropriation of the whole field of micro¬ 
biology. Perhaps most familiar in this connection are the discoveries 
concerning the life-histories of various microscopic animal para¬ 
sites. The tracing-out of the relations between parasites and hosts 
in Texas fever, malaria, and dysentery has by no means been e\- 
clusively or even largely the work of zoologists. On the contrary, 
it is well known that much of the most important work in this 
direction has been carried out by bacteriologists, and that the lit¬ 
erature on these topics is chiefly to be found in the technical bac- 
teriologic journals. A recent instance of this tendency is the renewed 
study of the remarkable protozoa called trypanosomes, which has 
in large part been undertaken by bacteriologists and by bacterio- 
logic methods. Perhaps the most notable triumph yet accomplished 
in this field is the successful cultivation of these pathogenic protozoa 
outside of the animal body, a feat which has been achieved by one 
of the foremost American bacteriologists. The exploitation of zoo¬ 
logic territory by bacteriologic workers is one of the many instances 
of successful borderland invasion, and, like the Louisiana Purchase, 
illustrates the impotence of territorial lines to prevent natural ex¬ 
pansion. Many reciprocal piratic inroads among the sciences are 
due to the acquisition by one science of new tools which, when 
workers become generally acquainted with their use. are found to 
be applicable to other problems in other fields. Bacteriologic 
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technique is one of these efficient tools the possession of which con¬ 
duces to piracy; it can, however, never be forgotten that bacterio¬ 
logy itself owes its powerful equipment to a study of spontaneous 
generation which was undertaken primarily for the interest felt in 
its philosophic bearings. 

Bacteriology stands in close relation to at least four other more 
or less defined fields of natural knowledge: to medicine, to hygiene, 
to various agricultural and industrial operations and pursuits, and 
to biology proper. Bacteriology, as has been often said, is the 
youngest of the biologic sciences, and for this reason has as yet con¬ 
tributed relatively little to the enrichment of the parent science. 
Morphologically the bacterial cell is so small and so simple as to 
offer many problems of surpassing interest, but of great difficulty. 
The question as to whether a bacterium is a cell without a nucleus, 
or a free nucleus without any cytoplasm, or a cell constituted in the 
main like those of the higher forms of life, has, to be sure, been 
practically settled in favor of the latter view. But there are other 
debated and debatable morphologic questions to which up to the 
present no satisfactory answer has been given, and to which our 
current microchemic methods arc perhaps unlikely to afford any 
solution. On the physiologic side, the achievements of bacteriology 
in behalf of general biology have as yet l*cn far from commensurate 
with its potentiality. This may be partly because of its temporary 
engrossment in other seductive lines of research partly because of 
the lack of workers adequately trained in bacteriologic methods and 
at tfie same time possessed of an appreciation of purely biologic 
data. It may be justly urged that a rich harvest of fundamental 
physiologic facts waits here for the competent investigator. 

There is no need to dwell in detail upon the manifold practical 
applications of bacteriology to the arts and industries. Particularly 
in agriculture and kindred occupations have the advances m bac¬ 
teriology been immediately and intelligently util,red to bring forth 
in turn new facts and unveil new problems. The processes of cream¬ 
ripening and vinegar-making, the phenomena of mtrificat.on o 
denitrification and nitrogen fixation, the mode, of causa on of 
certain diseases of domestic plants and animals have all been 
elucidated in large measure by bacteriologic workers A new di¬ 
vision of technologic science, dealing with the >ac ri . 

soil, of the dairy, and of the barnyard, of the tan-pit and ,ho cann ' n6 ‘ 
factory, has already assumed economic and scientific importance^ 

It is often a temptation to distinguish radically between pure 
science and applied science and to look upon the latter as unworthy 
the attention of the philosophically minded. True science can admit 
of no such distinction. Nothing in nature is alien to her. She can 
never forget that some of the most fruitful of scientific theories have 
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been the outcome of the search for the utilitarian. Man’s know¬ 
ledge of the universe may be furthered in various ways. It is well 
known that the work of Pasteur was particularly characterized by 
applications to the problems of pure science of knowledge acquired 
in the study of the practical. One thing plays into the hands of 
another in wholly unexpected fashion. An attempt to improve the 
quality of beer gives birth to the germ theory of fermentation, and 
this in turn to the germ theory of disease; the chemistry of carbon 
compounds leads to the discovery of the anilin dyes, and these same 
anilin dyes have made possible the development of microchemic 
technique and thrown open spacious avenues for experiment and 
speculation; the attempt to obtain a standard for diphtheria anti¬ 
toxin has resulted not only in the achievement of the immediate 
practical end, but in the discovery of unexpected theoretic consid¬ 
erations which have dominated the progress of an important branch 
of scientific medicine during the last five years. It will not be a hope¬ 
ful sign for the advancement of science when the worker in pure 
science ceases to concern himself with the problems or avail himself 
of the facilities afforded by the more eminently utilitarian aspects of 
natural knowledge. 

In the quarter-century of its history, bacteriology has sustained 
close and mutually advantageous relations with the science of 
medicine. This has been the scene at once of its greatest endeavors 
and of its greatest triumphs. To recount these would be superfluous. 
There is hardly an hypothesis in scientific medicine that has not 
been freshened and modified, hardly a procedure in practice that 
lias not been influenced by bacteriologic conceptions. The experi¬ 
mental method in particular has been given new support and re¬ 
ceived brilliant justification. Experimental pathology and experi¬ 
mental pharmacology practically owe their existence to the methods 
and example of bacteriology. The security afforded by aseptic 
surgery has made possible physiologic exploits that could not other¬ 
wise have been dreamed of, a pregnant illustration of the way in 
which applied science may directly further the advance of pure 
science. Conspicuous as these achievements of bacteriology have 
been, it cannot be truly said that the field is exhausted. There is 
hardly an infectious disease of known or unknown origin that does 
not still harbor many obscurities. Some of the most difficult pro¬ 
blems t hat medicine has to face are connected with the variation and 
adaption of pathogenic bacteria. The phenomena of immunity, 
certain ;• among the most complicated and important that human 

renin* has ever set itself to unravel, still await their full de- 
, and interpretation. The study of the ultramicroscopic, 
•v • -rhaps more correctly the filterable viruses, is being prosecuted 
great energy and in a sanguine spirit. The extension of bac- 
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teriologic method into the field of protozoon pathology has been 
already referred to, and constitutes one of the latest and most hopeful 
developments in the study of the infectious diseases. Medicine, 
perhaps more than any other department of human knowledge, is 
most indebted to and maintains the most intimate relations with 
the science of bacteriology. 

At the present time the relations of bacteriology to public hygiene 
and preventive medicine seem to me of particular importance, and 
it is upon this theme that I wish chiefly to dwell. Personal hygiene 
is not necessarily pertinent to this topic, but falls rather into the 
same province with the healing art. Matters of diet, of clothing, of 
exercise, of mental attitude, affect the individual, and contribute 
more or less largely to his welfare. But except in so far as the indi¬ 
vidual is always of moment to the community, they do not affect 
the larger problems of public hygiene. The pathologic changes that 
take place in the tissues of the diseased organism and the methods 
that must be employed to combat the inroads of disease in the 
body of the individual patient must for a long time to come remain 
questions of supreme importance to the human race. But over and 
above the treatment and cure of the diseased individual, and the 
investigation of the processes that interfere with the proper physi¬ 
ologic activities of the individual organism, rises the larger and 
more far-reaching question of the prevention of disease. 

Racial and community hygiene arc but just beginning to be 
recognized as fields for definite endeavor. The project may seem 
vast, but the end in view is undoubtedly the promised land. More 
and more will the problems of curing an individual patient of a spe¬ 
cific malady become subordinated to the problem of protection. 
More and more will scientific medicine occupy itself with measures 
directed to the avoidance of disease rather than to its eradication. 

Whatever else mav be said of it, this is certainly the age of delib- 
erate scrutiny of origins and destiny. Man no longer closes h.s 
eyes to the possibilities of future evolution or to those of racial 
amelioration If we are to remain to a large extent under the .way 
of our environment, we can at least alter that environment advan¬ 
tageously at many points. We are no longer content to let things 
as we see them remain as they are. On the surface the "-'er rela¬ 
tions of disease have often seemed of little significance as, before 
Darwin, the so-called fortuitous variations in plants and animals 
were considered as simple annoyances to the classifier, the causes 
of this variation were deemed hardly worth investigation. The rise 
and fall of plagues and pestilences have been readily attributed to 
the caprices of th e genius epidemicus, and it has sometimes been 
thought idle to ascribe recurrent waves of infection to anything 
but "the natural order.” Another phase, entered upon later, and 
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from which we have not yet entirely emerged, possesses its own 
peculiar perils. In meditating on the cosmos, the agile mind is 
always tempted to fill in the gaps of knowledge with closely knit 
reasonings or fantastic imagery. The imaginative man of science 
still frequently finds himself beset with the temptation to erect 
an unverifiable hypothesis into a dogma and defend it against all 
comers. It is now fortunately a truism that a more humdrum and 
plodding course has proved of greater efficacy in advancing natural 
knowledge. Theories that stimulate to renewed observation and 
experiment have been of the greatest service, but unverifiable specu¬ 
lations have often been a barrier to further advancement. Meta¬ 
physics tempered with polemic is not science, whatever be its 
allurements. 

If the attainment of a rational position in public hygiene, com¬ 
munity hygiene, or preventive medicine must, then, be regarded as 
the main objective point in the campaign'against disease, it follows 
that the part played by bacteriology in this advance will be an 
important one. The relations of bacteriology to public hygiene are 
fundamental. The etiology of many of the most widespread and 
common diseases that afflict mankind is intelligible only through 
the medium of bucteriologic data. The modes of ingress of the 
invading micro-organisms, the manner of persistence of the micro¬ 
organism in nature, the original source of the infectious material, 
and all the varied possibilities of transmission and infection can be 
apprehended only through the prosecution of detailed bacterio- 
logic studies. It is only by this means that the weak point in the 
chain of causation can be detected and the integrity of the vicious 
circle attacked. Success will inevitably depend upon a thorough 
understanding of the circumstances governing and accompanying 
the initiation and consummation of the disease process. Yellow 
fever cannot Ik* suppressed by burning sulphur or by enforcing a 
shot-gun quarantine; the bubonic plague is not to be combated by 
denying its existence. 

In the warfare against the infectious diseases a rational public 
hygiene is ready to avoid the mistake of beating the air. A prelim¬ 
inary survey of the possibilities reveals several distinct types of dis¬ 
ease; those that are practically extinct or far on the road to extinc¬ 
tion in civilized communities, those that remain stationary, or decline 
but slightly, and those that show a more or less consistent increase. 
The economy of energy would suggest that it is not a far-sighted 
po'icy "or public hygiene to focus its endeavors exclusively upon those 
diseases that are yielding naturally before the march of civilization, 
i'ne condition*: under which civilized peoples live to-day are in them¬ 
selves su'f.rient to render the foothold of many infectious dis¬ 
eases most precarious. What nation now fears that typhus fever 
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will become a national scourge, or who looks to see the citizens of 
London driven into the fields by the Black Death? It is of course 
true that the continuance of this immunity can be secured only by 
unremitting watchfulness, although so long as existing conditions of 
civilized life are maintained, the recurrence of great epidemics may 
be relatively remote. The pestilences that once stalked boldly through 
the land slaying their ten thousands are now become as midnight 
prowlers seeking to slip in at some unguarded door within which lie 
the young and the ignorant. Already some once-dreaded maladies 
have become so rare as to rank as medical curiosities, and their ulti¬ 
mate annihilation seems assured. 

There are other diseases, however, that civilized life, or at least 
modern life, appears to leave substantially unchecked, and some that 
it even fosters. These may be considered as shining marks for the 
modern hygienist. The scale between hygienic gain and loss is always 
in unstable equilibrium. There is no such thing as consistent improve- 
ment all along the line. As Amiel wrote in his journal, In 1000 
things we advance, in 999 we fall behind; this is progress. It is al¬ 
most a biologic axiom that progress in one particular entails loss in 
others. To maintain the efficiency of all parts of the complex of civili¬ 
zation calls for eternal vigilance. It may be that while we are waxmg 
complacent over the fact that the opportunities for infection with cer¬ 
tain parasites are diminishing, and that other parasites are gradually 
losing what we vaguely denominate as their virulence, unforeseen and 
greater evils are raising their heads. The increasingexemptionfrom 
certain diseases will itself lead to an increased prevalence of o hers as 

diversely vulnerable age groups arc formed. In general, it; 
that the diseases peculiar to the advanced 

as the diseases of childhood and youth succumb tohyg emc m «» sur „ 
A different age distribution of the population will bnng n .ts tra 
new problems of preventive medicine, which must be successfully 

solved if the issue is to be fairly met. , f i 

There are not lacking instances of a dawning eonsciousn ss on he 
part of mankind that the proper development o pub ' c hygiene 
involves a far more comprehensive view of its relation, tl has 
hitherto been taken. The study of tuberculosis .s bong^ '» ed 
by methods of unexampled broadness. We arc just begmning to re 
cognize the way in which the roots of this destructive malady are 
well-nigh inextricably interwoven with the whole socmli abr.c^ Ba^ 
teriologic, architectural, and economic data arc a . , 

contribution to our knowledge of what is .»««% * Xwtm 
one of the most important of all human d.senses Hcre^s elsewhere 
the care and cure of the infected individual st.l' looms large but 
beyond and above this is beginning to be p ace ie pr ' 
infection, the drying-up of the stream at its source. That for this 
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heavy task public hygiene will require the aid of many workers in 
many different fields is abundantly evident. For all of them, however, 
bacteriology must furnish the only definite point of view. In the 
full consideration of the “exciting causes,” the tubercle bacillus 
can never be allowed to drop into the background. Given foul air, 
insufficient food, inhalation of dust, excessive and exhaustive labor, 
and the other deplorable accompaniments of modern industrialism, 
and it still must be constantly kept in mind that without the tubercle 
bacillus these predisposing causes would never result in a single 
case of tuberculosis. On the other hand, without these contributing 
factors the tubercle bacillus would almost sink to the level of the 
negligible “ non-pathogenic organism.” Witness the impotence of 
the bacillus to produce infection, or even maintain itself, in the tissues 
of those individuals able to live an outdoor life. 

It is evident that in the case of tuberculosis the forces of civilization 
are on the whole working for its extinction rather than for its perpetu¬ 
ation. The available statistics demonstrate that before the modern 
movement for the suppression of the disease began, and, in fact, even 
before the discovery of the tubercle bacillus, pulmonary tuberculosis 
was already on the decline in widely separated parts of the world, — 
in London, in Boston, and in Chicago. 1 It is, perhaps, significant that 
pulmonary tuberculosis is now one of the tenement-house problems, 
and that as such it occupies a strictly delimited field. As yet the 
campaign against tuberculosis has been a desultory one, waged by 
a few enthusiasts without adequate material or moral support on the 
part of the community at large, but signs arc multiplying that this 
condition will be a transient phase. The comparative absence of 
intelligent, systematic endeavor for the suppression of disease is cer¬ 
tainly a curious phenomenon in an age of otherwise extensive coor¬ 
dination and organized action. The executive talents and restless 
energy lavished on commercial, industrial, and engineering projects 
may some day be turned to devising and carrying out hygienic 
measures. If it were necessary to find an argument in the economic 
value of human life, it would be readily forthcoming. The recent 
movements for the study and suppression of tuberculosis mark one 
of the first attempts to apply bacteriologic knowledge in a determined 
and radical way to a problem of public hygiene. As regards the ulti¬ 
mate extinction of tul>eroulosis. there may be more or less groping 
after ways and means, but there need be no misconception as to the 
scope of the problem. 

I acre are other fields in which a similar mode of procedure based 

O, 1 ascerta ined bacteriologic facts and principles has been indicated 

P. Urffooi'; M " ThC A<1ministratil * Control oj Tuberculosis. Medical News. 84, 
190 \' il SU,tisfics n} fhc Cit, J °f c ^cago for the 7jears 1899-1903 inclusive, Chicago, 
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and is being at least in part carried out. In typhoid fever the evidence 
from epidemiology has long pointed unmistakably to drinking-water 
as being the chief vehicle of infection, and the first step toward sup¬ 
pression of this disease has been already taken in most civilized 
countries. The last half of the nineteenth century witnessed an im¬ 
provement in the sanitary quality of public water-supplies which has 
diminished perceptibly the death-rate from typhoid fever .This 
change has been in part effected by the introduction of water from 
unpolluted sources, in part by the installation of sand filters. To cite 
a few well-known cases: For five years before the introduction of a 
filtered water,the annual typhoid fever death-rate in Zurich, Switzer¬ 
land, averaged 76; in the five years following the change it averaged 
10. In Hamburg, Germany, for a corresponding period before filtra¬ 
tion, the typhoid death-rate was 47; after the change it fell to 7. 
In Lawrence, Massachusetts, under similar conditions the typhoid 
rate was reduced from 121 to 26, and in Albany, New York, from 104 
to 38. A similar effect has been noticed where an impure water has 
been replaced by water from unpolluted sources. In Vienna, Austria, 
the abandonment of the River Danube as a source of supply in favor 
of a ground water diminished the typhoid fever death-rate from over 
100 to about 6. In the United States the city of Lowell not long ago 
exchanged the polluted water of the Merrimac River for a ground 
water-supply, with the result that the typhoid fever death-rate was 
reduced from 97 to 21. In spite of these remarkable facts, there has 
been a lethargic slowness in profiting by the lessons that they teach. 
Many communities have remained to this day unobservant and 
negligent, and especially in the United States, the condition of the 
averuge public water-supply demands radical reform. A method that 
has not only reduced the deaths from typhoid fever by about 75 per 
cent., but has also reduced the number of cases proportionately, is 
worthy of universal adoption. If the fatality in all cases of typhoid 
fever was diminished, say from 12 per 100 cases to 3, by the use of 
a new drug or an antitoxin, the world would ring with the discovery. 
The introduction of a pure water-supply has achieved an analogous 
reduction in the death-rate, and confers further the enormous benefit 
of preventing the occurrence of a similar proportion of cases In 
the city of Albany, New York, the annual number of deaths from 
typhoid fever prior to the installation of a filter-plant averaged 89^ 
during a ten-year period; in 1902 there were but 18 deaths from this 
cause, representing a diminution not only of 71 deaths, but of over 
700 cases. 

Important as is the function of a pure water-supply in preventing 
typhoid fever, it is now clear that public hygiene cannot stop here. 

■ Jordan. E. 0., The Purification of n-atcr Supplies b,, Stow Sand Filtration. 
Journal of the American Medical Association. 190.5. P- 
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In some countries, as in Germany, for example, where the larger 
cities and towns are supplied in the main with water of a highly 
satisfactory character, there still remains a notable residue of cases 
of typhoid fever. These, we know, are due to contact infection, to con¬ 
tamination of raw foods, such as milk, oysters, and the like, to the 
conveyance of the specific germ on the bodies of flies, and to similar 
modes of dissemination. 1 It is a fact full of significance that the ex¬ 
istence of these various modes of spread is recognized, that they are 
held to be matters of public concern, and that preventive measures 
are being instituted under expert bacteriologic control for suppressing 
the existing sources of infection. One of the most difficult problems 
in this campaign lies in the prompt recognition and rigorous super¬ 
vision of the mild and obscure cases. It may be comparatively simple 
to isolate and disinfect with thoroughness in the franker types of the 
disease, but it is not clear that the danger is most critical on this side. 
The application of searching and delicate bacteriologic tests is often 
necessary to determine the suitable mode of action. The dependence 
of public hygiene upon bacteriologic data and methods has rarely 
been better exemplified. 

The vigorous warfare that is being waged against malaria in many 
tropical countries affords a further and striking illustration of the 
utilization of existing resources for the avoidance of specific infection.* 
It is hardly necessary to reiterate the obvious truth that malaria con¬ 
stitutes the chief and, perhaps, the only serious obstacle to the colon¬ 
ization of the tropics by the white races. Political and economic 
questions of the gravest import to mankind are bound up with the 
fortunes of a protozoon and a mosquito. The complex life-cycle of 
the malarial parasite offers an unusual number of points of attack. 
As is well known, several distinct views are current as to the best way 
of interrupting the continuity of transfer between man and the mos¬ 
quito. It is conceivable that by the destruction of the malarial para¬ 
site within the body of man. the supply of parasites for the mosquito 
may be cut off and the circle broken at this point. If the mosquitoes 
are prevented from becoming infected, man is safe. It is claimed by 
the adherents of one school that this method lias proved very effect¬ 
ive in certain localities where it has been systematically employed. 
The extermination of the parasite in the blood of man by the admin¬ 
istration of quinin certainly constitutes an important weapon in the 


' Schudcr. Zur Actiologie dcs Typhus. Z.it f. II yg.. 38. p. 343. 1901. 
Hutchinson. It. H., and \\ heeler. A. \\\. An Epidemic of Typhoid Fever due to 
/• n • lee. American Journal of Medical Science, 12C>, p. f>80. 1903. 

I’ick. r. v .. Typhus und Fliegcn. Archir. /. II yg., 46. p. 274. 1903. 


I lamiltnn *•.. The Fly as a Corner of Typhoid, Journal of the A meriean Medical 
Association, i 577. 1903. 
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Newman, r... Channels of Typhoid Infection in London, Practitioner. 72. p. 55.1904. 
* Illelramplung dcs Malaria (Koch. It.. und Ollmig). Die Malariabekamp- 
l , L n ‘ , . ,n ! {rioni O-rosoh. I*.), in Puntacrocc (Uludau), in dcr Maremma Toscana 


(C.osio, BA, etc.. Zeil. /. Hyg., 43.1903. Heft 1. 



THE RELATIONS OF BACTERIOLOGY 217 

armory of public hygiene, whether or not it prove to be the most 
efficient one or the most economic in execution. In this same cate¬ 
gory are to be put the attempts to prevent the infection of the 
mosquito by guarding malarial patients against the bite of Anopheles. 

It is obvious that this plan may often be difficult of execution, be¬ 
cause of the impossibility of exercising efficient control over the 
movements of individuals suffering from latent or recurrent infect ion. 

A second possibility consists in the general protection against 
mosquito bite of all persons dwelling in infected regions. The pestifer¬ 
ous insect may beat its wings in vain against the windows of a mos¬ 
quito-proof dwelling; if it cannot come near enough to the human 
being to inject the contents of its poisoned salivary gland, no single 
case of malaria will result. In parts of Italy, it is said, this mode of 
prevention has been practiced with brilliant success in protecting 
railway employees, forced by the exigencies of their culling to reside 
in highly malarious localities. 1 

A third point of attack is presented in the possibility of destroying 
or at least arresting the propagation of the insect host of the malarial 
parasite. The extermination of a number of species belonging to a 
widely distributed and abundant insect genus may seem in itself a 
gigantic task to undertake. Remembering the ambiguous success 
that has attended the efforts of the human race to combat the ravages 
of certain insects injurious to agriculture, it is not easy to be sanguine 
concerning the speedy extinction of Anopheles. It is noteworthy tha 
the most considerable triumphs attained along economic lines have 
been effected by the utilization of the natural enemies of the noxious 

forms. Efficient foes of Anopheles have so far not bcen discovcmL 

There is no question, however, that in definite localities the numbers 
of individual mosquitoes belonging to malaria-bearing species may be 
enormously diminished by the destruction of the breeding-pools. Tlit 
labors, in this direction, of English health officials in various parts of 
the world, have been rewarded by a decisive decrease ,n the prcM.I- 

ence of malaria. 2 , „ 

It will not escape remark that the effect of any one or of allofUiese 

protective measures is cumulative. A diminution 
mosquitoes, or in the number of persons harboring he malar alprCH 
tozoon in their blood, or in the number of infected or n 
individuals bitten by mosquitoes, will inevitably produce a lc sen ng 
in the amount of malaria in a given region. This will in 'ornd.rnn 
the opportunities for mosquitoes to become infected, and will at 

1 Cell,. A., La Materia in Itelte durante H 1902, Annali d’ Igienc .penmen,ali, 

ie, etude, dete Materia. AreKee.iteiiennesdeBiate* (1898-1903) 

39 i Ro^r! 0 ^ on Materia at Ismailia and Suez. Liverpool School of Trop- 
ical Medicine, Mem. 9, 1903. 
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put a check upon indefinite extension of the disease. It is significant 
that a high degree of success apparently attends the enthusiastic and 
persistent application of any one of the measures instanced. 

While malaria, typhoid fever, and tuberculosis are to-day fairly in 
the field of view of public hygiene, such is not the case with a host of 
other maladies. A beginning is made here and there, but the vast 
majority of the diseases that affect mankind still lack an intelligent 
and organized opposition. This is partly because of insufficient know¬ 
ledge. At the present time the apparent increase in pneumonia pre¬ 
sents an imperative field for research. It seems unlikely that the 
available modes of attacking this disease are to be exhausted with 
attempts to improve individual prophylaxis. A clear understanding 
of the tangled web of statistical, climatic, racial, bacteriologic, and 
hygienic questions that environ this urgent problem of public hygiene 
is likely to come only through renewed investigation of the phe¬ 
nomena. If it is true, as some conjecture on what seems insufficient 
evidence, that the virulence of the pneumococcus is increasing, what 
is the bacteriologic strategy suited to the emergency? Or if it turn 
out that an increase in the number of victims to pneumonia is 
largely made up of those who have escaped an early death from 
tuberculosis, what procedure is indicated? 

We cannot always take refuge from the consequences of inaction 
under the plea of ignorance. There are few, if any, instances in which 
public hygiene is utilizing to the full the knowledge that it might pos¬ 
sess. Some responsibility rests upon those who are prosecuting bac¬ 
teriologic studies to see that the bearings of their investigations are 
not overlooked or neglected by those who are constituted the guard¬ 
ians of the public health. There is here no question of the sordid 
self-interest or commercial exploitation sometimes miscalled “prac¬ 
tical application. 11 In the long run the saving of life may play into 
the hands of the idealist. If John Keats had not died of pulmonary 
tuberculosis at the age of twenty-five, the modern world would be 
a different place for many persons. It is not possible to estimate the 
loss to literature, science, and art since the dawn of intellectual life 
which must be laid at the door of the infectious diseases. The relations 
of bacteriology to public hygiene, if properly appreciated and culti¬ 
vated. will lead to an improvement in the conditions of life which will 
enhance both the ideal and material welfare of the race, and will give 
greater assurance that each man shall complete his span of life and 
be able to do the work that is in him. 
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Our knowledge of the profound influence which the microscopic 
organisms, known as the bacteria, exercise in the life of the globe, may 
be considered an acquisition of the last quarter-century. The surm.ses 
and hypotheses of the half-century preceding were then made over 
into well-attested facts. 

The activities of micro-organisms manifest themselves in many 
different ways. The functions carried on by the bacteria 0 ,he i°' 1 
are known to be of fundamental importance to higher plant life. The 
work of the bacteria producing fermentation, putrefaction, and decay 
is of similar importance in preparing the way for the soil bacteria and 
ministering to the wants of higher organisms. Out of this latter class 
there has arisen a group which has given these micro-organisms all he 
notoriety thev possess. It is a small group, but formidable in that > 
is in partial opposition to the higher forms of vegetable and animal 
life. It is these parasitic forms to which I shall devote my address, as 
it is they which have preoccupied my attention for some years. In 
thus passing over large groups of bacteria I simply register my inabil¬ 
ity to properly present their claims, and I trust that others here 
present will fully supplement my paper by dealing with them 

deserving fashion. , , . . e . . ... 

While bacteriology, strictly speaking, deals only with a fairly - 
defined group of unicellular plant-like forms standing near the limit 
of microscopic vision, medical bacteriology has been gradually widen¬ 
ing its scope to a study of all unicellular and even higher parasitic 
forms, which multiply more or less indefinitely and continuously for 
a time in the invaded body. In addition to the bacteria proper, the 
protozoa, and those highly important ultra-microscopic organisms 
which seem to have certain characters not possessed by either of the 
other two groups, are now frequently gathered into medical bacten- 
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ology, because of certain underlying principles of action which govern 
them in common as parasites. 

Bacteriology differs from the older sections of biology in several 
important particulars. In the first place, it has been developed under 
the stress of practical demands. The enormous economic and sanitary 
significance of bacterial life has pushed forward this study very 
rapidly, and the problems undertaken have been suggested almost 
wholly by considerations arising in agriculture and medical practice. 

In the second place, bacteriology, at least so far as the parasitic forms 
are concerned, is essentially a study of two realms, that of the par¬ 
asite and that of the host, of two organizations, widely different, acting 
upon one another and entering into complex, reciprocal relations. The 
older departments of biolog}'do not present such a complicated aspect. 
Thus anatomy or morphology has, at least until very recently, dealt 
with structure and development without considering the relation of 
the individual to its environment. That was relegated to physiology 
and pathology. With the bacteria the morphologic aspect dropped 
nearly out of sight because of the difficulty encountered in analyzing 
structures so minute and relatively simple. Even the classification 
gradually evolved, as more and more forms were examined, is at 
present very largely a physiologic one, the characters being based 
on the action which the bacteria exert upon the medium in which 
they multiply. 

Then again, there was no ulterior interest in the study of bacteria 
as such, which is a strong impulse in many other departments of 
biologic science. It is what bacteria do, rat her than what they are, that 
commanded attention, since our interest centres in the host rather 
t han in the parasite. Thistendencv manifested itself in a peculiar way. 
As soon as bacteria could be handled in pure culture, the study prose¬ 
cuted most actively was how most quickly to destroy them. Disin¬ 
fection, sterilization,and all agents which act destructively upon bac¬ 
teria were diligently sought for. The first impulse of the youthful 
branch of bacteriology was thus to destroy, rather than to study and 
analyze. When, some years later, the anti-bodies were discovered, 
the rush toward the bactericidal serums was equally manifest. 

Bacteriology in its scientific form was thus ushered into existence 
largely by medical men who had definite practical ends in view. It 
presented from its beginnings a dual aspect for study,and its chief 
aim from the first was the destruction of one of the elements, the 
parasite. Slowly, however, the more impartial study of host and par¬ 
asite in their mutual relation began to take root,and to-day there is 
scarcely a department of physical ehemic.and biologic science which 
does not have some share in the unfolding of this complex relation 
existing between plant and animal life, on the one hand, and the 
micro-organisms acting as parasites, on the other. As a result of this 
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rather unique state of affairs, bacteriology is not a self-contained, 
well-defined field of work, but one greatly subdivided by aims and 
methods of study. A realm as large as that of micro-organisms may wcl 1 
claim attention in many workshops of science. 

The short time at my disposal does not permit a wide survey of the 
field of bacteriology, and I have deemed it best to discuss in a general 
way the parasitism of bacteria and to outline the probable results of 
any attempts of medical and sanitary science to modify this parasit¬ 
ism. In undertaking this task I have adopted the somewhat discred¬ 
ited method of presenting actual hypotheses, partly new, partly old, 
in a new dress. These furnish a definite point of attack, and are better 
suited for discussion than any presentation which boxed the compass 
with the views already well known. 

Infectious diseases have frequently been portrayed as a buttle 
between two organisms, the host on the one hand, the parasite on 
the other. There are few diseases, even among those not strictly in¬ 
fectious in character, in which this battle does not go on at some stage, 
and in which the activity of bacteria may be ignored. For some years 
the analysis of this warfare has been the chief problem of bacteriology 
and pathology. What are the weapons of offense and defense on 
either side? Are the weapons simple or complex? Are they changed 
as the struggle progresses to suit the immediate state of the battle 
Do the combatants themselves change during long or short periods 
of time, and does the character of the disease change as a consequence? 
Is the behavior of parasites,when posing for us in the culture-tube, 
different from that in the animal body? These and other queries 
may easily be read into the special literature of the last decade. 

To realize the great complexity of this struggle we need but to review 

the gross facts of disease which express themselves in epidemics on the 

one hand, in individual disease, on the other. We meet all gradations 
of severity, from rapid death to a mild transient disturbance, from a 
disease lasting hours to one lasting fifteen or twenty years, or even 
longer. Even the simplest generalizations concerning such a varied 
phenomenon must necessarily be subject to many except .ons and 
perhaps gross inaccuracies. This is evident from the heated d.scus- 
sions which have been waged over the humoral and cellular phe¬ 
nomena, the antitoxic and bactericidal forces of the Wood and he 
phagocytic activities of certain cells, each party to the d'seusson 
claiming, at least for a time, that the opponent had no ease Though 
the brilliant researches of Metchnikoff and Ehrlich, and the funda¬ 
mental discovery of Behring and Kitasato. have to a certam degree 
exposed the mechanism of warfare, the exposure .s only fragmentary 
and the hypothetic reconstructions based on it are leading as usual 
to further controversy. We do know that no two species of micro¬ 
organisms carry on the warfare just alike, and that the same paras,te 
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finds a somewhat different situation in every host attacked. The 
problem of the immediate future is to determine where the brilliant 
discoveries of Metchnikoff, Nuttall, Behring, Bordet, Ehrlich, and 
others belong in the life of each microbe, and to construct for each 
disease the exact nature of the contest. 

In the following pages I do not intend to enter into any discussion 
concerning the intimate life of bacteria, but simply to point out cer¬ 
tain biologic problems which seem to lie on the surface, as it were, 
and which illustrate the close relation existing between bacteriology 
and general biology. They have suggested thqmselves to me from the 
comparative standpoint, one up to the present but poorly cultivated 
in medical science. 

The researches of Roux, Kitasato,and Behring, Van Ermengen and 
others, have shown that certain species of bacteria secrete toxins 
during their vegetative period. These toxins are soluble in the me¬ 
diums in which these species multiply. Besides these physiologically 
well-defined poisons, there are others which are closely linked to the 
body substance of the bacteria, and which have become familiar to 
us in such well-known substances as tuberculin and mallein. According 
to the theory of R. Pfeiffer, this second class of poisons is liberated 
only by the disintegration of the bacteria, and the intoxication of 
the host, due to its destructive action on the bacilli, is a kind of post¬ 
mortem effect of the parasites. Other bodies, t he so-called lysins, which 
act destructively upon red and white corpuscles, have also been de¬ 
monstrated by Van de Velde and by Ehrlich and his pupils, but their 
significance in disease is not yet clear. 

In the host, on the other hand, during the multiplication of micro¬ 
organisms, there appear bodies known as anti-bodies, which have 
aroused the greatest interest. They neutralize the soluble toxins, 
agglutinate the invading bacteria and disintegrate them. They also 
precipitate or coagulate albuminous bodies. Their action is specific, 
being directed toward the invaders. These are the main weapons 
which thus far have been found. Are there other offensive and de¬ 
fensive bodies? What course do the bacteria pursue in the presence 
of the gradually accumulating anti-bodies of the host? Do they forge 
new weapons or not? 

Professor W. II. Welch in his Huxley lecture presented the theory 
t hut the mechanism of the production of anti-bodies on the part of the 
invaded host was set in operation bv the micro-organisms as well, and 
that various tissue poisons might have their origin in overproduced 
bacterial receptors thrown off under special stimulation by host 
. -^stances. This theory implies that bacteria may not unfold all their 
activities in the culture-tube,and that the latter give us no reliable 
clue as to their behavior in the living body. 

On this point we may perhaps get some light by a consideration of 
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the plasticity of micro-organisms. It has long been known that the 
pathogenic power of bacteria is reduced gradually inartificial cultures. 
It is also well known that by a series of inoculations, or passages 
through animals, the virulence may be restored, and even raised above 
the natural level. Bacteria have been gradually accustomed to 
originally destructive doses of poisons in culture-fluids. Very recently 
it has been shown that they may be gradually trained to multiply in 
strongly bactericidal serums and to refuse to be clumped in strongly 
agglutinating serums. 

These adaptations persist for a certain time, and are transmitted 
for a limited period, even in culture. In other words, the modifica¬ 
tions are more or less gradually acquired and gradually lost. The same 
is true of the anti-bodies of the host. The antitoxin circulates in 
the blood of the horse long after the stimulation by toxins has ceased. 
In the immunized animal the agglutinating properties do not disap¬ 
pear at once. 1 am, therefore, inclined to believe that the bacterium 
freshly removed from its usual environment will, at least for a time, 
exercise all its functions, provided the special nutritive substances 
which mav be needed to carry on those functions are present. 

The theory of Professor Welch would then resolve itself into a ques¬ 
tion of nutrition. In the body of the host there are certain substances 
which give rise to special toxins when acted upon by special bac¬ 
teria. If we could offer these special substances to freshly isolated 
bacteria, there is no reason why the assumed toxin should not be 
formed. We must, therefore, take into account two possibilities, the 
adaptation of microbes to originally destructive agencies and the pro¬ 
duction of poisons from specific substances elaborated by the host 
I have entered into this much of detail concerning the mutual 
relation of micro-organisms and host, in order to• ma e c ear e 
hypothesis, which, it seems to me, accounts very well for the general 
phenomenon of infection. It is that the tendency of all mvad.ng 
micro-organisms in their evolution toward a more highly parasitic 
state is to act solely on the defensive while securing opportunity for 
multiplication and escape to another host. By tent ency 

general slow movement through long periods of time. 10 ° B 

data are in its favor: . ... m • Ao 

(1) The production of diffusible toxins survives parasitism inde¬ 
finitely, and is readily brought about in cultures. . 

(2) Where toxin-producing bacteria have become adapted to a de¬ 
finite species, as in diphtheria, the toxin itself acts upon a number of 
different species. In other words, the parasitic relation is far more 
specialized than the chief pathogenic product. 

(3) No strictly invasive bacteria have yet been found producing 
diffusible toxins which appear to be of any real significance in the 
disease process. 



224 BACTERIOLOGY 

(4) Those which produce such toxins are not strictly invasive bac¬ 
teria. 

(5) The injury due to invasive bacteria is known to be due to the 
disintegration of bacteria and the setting free of poisons locked up 
in the bodies of the microbes. 

(6) Pathogenic bacteria manifest less biochemic activity than the 
related saprophytic forms. 

(7) The hemolytic and leukocidic toxins of bacterial filtrates may 
be due to autolysis of the bacteria. Jordan has shown that hemolysis 
is, at least in part, due to a change in the reaction of the culture-fluid. 

According to this hypothesis, micro-organisms, in slowly adapting 
themselves' to the parasitic habit, would gradually eliminate active 
toxin production and other aggressive weapons as of little use, and 
strengthen whatever defensive mechanisms they may accidentally 
possess the rudiments of. If these are capable of marked develop¬ 
ment, we may expect such types of disease as tuberculosis, leprosy, 
glanders, and syphilis, in which the parasitic habit is carried to a high 
state of perfection. If their mechanisms of defense are not capable 
of much development, they will soon be destroyed, or else become 
adapted to live upon the skin, and especially the mucous membrane, 
as opportunists and occasional disease producers, 

In this adaptation the possession of somatic poisons set free dur¬ 
ing disintegration may play an important part. They may give 
rise to just sufficient toxin to produce a local protecting nidus of 
necrotic tissue, until the time for escape to some other host arrives. 
This assumption is supported by the fact that diseases of some 
duration are usually focal in character. The micro-organisms mul¬ 
tiply only in certain foci, which sooner or later become evident as 
the visible seat of disease. 

It may be claimed that defensive and offensive methods are 
practically the same, and that it is simply a play upon words to 
make any distinction between them. But reflection will convince 
us that offensive methods mean direct injury, whereas defensive 
methods simply mean a neutralization of the offensive weapons or 
else a condition which is invulnerable to them, such as an envelope 
made of a special substance. 

According to Ehrlich and his pupils, the anti-bodies which appear 
in the course of disease are not new bodies, but overproductions 
of bodies present in minute quantities normally. The parasitic 
microbe is thus at the very beginning of the invasion confronted 
with these bodies. At the termination of the disease there are no 
new bodies present, but the anti-bodies are on hand in relative 
abundance. The situation which the invader has to face is thus 
qualitatively the same at the beginning and at the end of the attack. 
How does he meet it by defensive methods? 
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Three possible fates await the invaders: (1) They are largely 
destroyed within the body; (2) they are excreted, or discharged 
through various channels; (3) they remain indefinitely in the 
body after the disease is over, to be eventually destroyed or elimin- 

That the micro-organisms are largely destroyed within the body 
in the course of the disease is not open to dispute; this class is of 
no special significance to us. Of most importance are those that 
escape to continue their life-cycle in another subject. The mechan¬ 
ism of elimination is of vital importance to the parasite. It assumes 
many forms, and is admirably adapted in the various specific d.seases 
to perpetuate the existence of the species. 

The survival of the microbes after the disease is over may be 
explained partly on the ground that in nearly all diseases some of 
the microbes pass their final stage near the surface of the skin, or 
mucous membrane, or in organs in direct or in indirect contact with 
the outer air, so that escape outward is readily effected through 
destruction of tissue, and hence protection from the bactericidal 
forces of living tissue. The small number which in some types of 
disease remain alive for some time after the disease process has 
subsided may also be inclosed in small foci of necrotic tissue, anil 

thus escape destruction temporarily. 

I am inclined to believe, however, that among the problems of 
the future will be the elucidation of still another mechanism for the 
protection and escape of the micro-organism. It is highly probable 
that in a certain number of species of bacteria, after the active 
vegetative stage a latent stage follows, during v ic i i P 
which has escaped destruction provides itself P ™^‘' 

envelope which also aids it in its passage to a new host. This enveloi*, 
which may be some specific substance not recoBmzabe Mth l e 
microscope, or which may be represented by <he capsule n some 
groups, may be a defensive body of the parasite stimulated to o^ 
production by the anti-bodies of the host. This body also mterfe^s 
with the metabolism of the microbe, and thus acts in the double 
capacity of stopping the disease and protecting the -™=* 
same time. This hypothesis suggested itself to me while '"*»v«inc 
to account for the peculiar behavior of tubercle bacilli under culti 

T- well known that tubercle bacilli from the <l^«ed tissues 
of cattle grow very slowly, and then only upon cei 
mediums, such as blood-serum. After several years o 
• cultivation they multiply vigorously in glycerin oui on, an 
hardly be distinguished in appearance from those human varieties 
of the bacillus which grow richly from the first or second transft . 
There seemed to be no justification to assume that the bacillus had 
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completely changed its metabolism under artificial cultivation. The 
more rational hypothesis seemed to be the one which assumed the 
existence of some protective substance only slightly acted upon 
by the serum, not at all in glycerin bouillon, and therefore a hin¬ 
drance to multiplication. After repeated transfers, this protective 
substance was slowly lost, either through a selection of bacilli, or 
absence of stimulation on the part of the host, or both causes com¬ 
bined, and the growth became as luxuriant as with the more sapro¬ 
phytic human varieties. It is obvious that each group or species 
of bacteria would have its own special protective device, depending 
upon original capacities of the species, which would be gradually 
developed in power and efficiency with the perfection of parasitic 
relations. 

The formation of protective or defensive coverings, the strength¬ 
ening or modification of the cell-wall, or the secretion of defensive 
fluids, would account for certain phenomena which are familiar to 
bacteriologists much better than the current theory which bases 
para.siti.sm exclusively upon toxin production, active or passive. 

In cultures we should expect a loss of power to form protective 
substances because the anti-bodies are absent. Hence the uni¬ 
versal tendency toward the reduction and final loss of virulence, 
with apparently the metabolic and vegetative activities unchanged, 
and the frequently observed regaining of virulence by passages 
through series of animals. 

In the evolution of parasitic bacteria I assume, then, that though 
the function of toxin production may have been the entering wedge 
toward a parasitic existence, there is a progressive loss of this func¬ 
tion as of little use to the parasite after it has once acquired a foot¬ 
hold, for the action of toxins at a distance from the focus of mul¬ 
tiplication does not aid the parasite, while it may destroy the host. 
In other words, with the invasion of the tissues of the latter it 
became necessary for the invader to concentrate its powers in its 
immediate vicinity, and for this purpose those poisons set free by 
the disintegration of the parasite may be of use in protecting the 
focus where the younger forms are, by necrosis of tissue, plugging 
of vessels, etc., and thereby keeping away the bactericidal forces 
until the bacteria have accumulated sufficient protective power 
to subsist in a latent condition, and are ready to be discharged 
outward. With the loss of active toxin production according to 
’ ;s hypothesis, and the loss of other, now useless. metabolic activ¬ 
ities. there goes hand in hand a strengthening of the defensive 
functions. This strengthening I interpret as the gradual develop¬ 
ment of certain substances which the non-immune host is unable to 
act upon, or at most only in a slight degree. This substance, which, 
as it were, shoves itself between the parasite and the common 
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bactericidal forces of the body, bears the specific pathogenic char¬ 
acter of the microbe. It is the substance which, according to the 
nomenclature of Ehrlich, calls forth the amboceptor from the re¬ 
sources of the host to combine with it, and thus open the way for 
the usual bactericidal forces or complements according to Ehrlich. 
The existence of this specific protective body will account for the 
varied resistance of animals to the same micro-organism and the 
relative difficulty to induce immunity. The more difficulty the 
body has in producing the amboceptor, the greater the difficulty 
in acquiring immunity. 

In the departments of preventive and therapeutic medicine, the 
isolation of this protective substance apart from the body toxins 
would be of prime importance in combating disease by inducing 
individual resistance. In fact, the theory that the so-called immun¬ 
izing and disease-producing substances are separate is not new, 
but has been presented under various forms. The tendency to 
give up the toxic extracts of bacteria, and use the latter in their 
entirety in immunization, pays tribute to these unknown >o les. 
The most prominent example of this change was the abandonmen. 
by Koch of the old tuberculin, a boiled extract, and the utilization 
of the entire tubercle bacilli, ground and uninjured by heat, in the 


production of immunity in tuberculosis. 

The foregoing hypothesis, that the tendency of microbes in per¬ 
fecting the parasitic habit is to act solely on the defensive is to 
a certain degree supported by a phenomenon of considerable bio¬ 
logic importance, which I wish to discuss very briefly. 

If we examine the statistics of the various infectious diseases ue 
are struck with the relatively low mortality of most of them. There 
are few highly fatal plagues now known. To be 8 ”\* he mor '“ J 
of many infectious diseases is regarded as formidable by sanita¬ 
rians, but if we disengage ourselves from the humane view for he 
moment, and take the biologic standpoint, we will agree that the 
relatively high mortality of 25 per cent to 50 per cen 
very decided preponderance of the resisting powers 
race. The odds are always against the invading m.crobe. Th's tMe 
of affairs appears for the moment to contradict the results of ex 
perimental bacteriology, which teach us that the virulence of mi¬ 
crobes may be more or less rapidly raised yrepea 
through susceptible animals, or even through those which possess 
considerable resistance. The accustoming of bacteria to antls ®P' ,c ,' 
bactericidal and agglutinative serums, has already been mentioned. 
With this capacity for adapting themselves to the defensive mech¬ 
anisms of the host, why should not the infectious diseases become 
more, rather than less, virulent? What is .t that keeps ‘he;r viru¬ 
lence on a low level? This problem has occupied my attention for 
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a number of years, but only recently did a fairly satisfactory ex¬ 
planation present itself. Before entering upon it I have still one 
other phase of the problem to consider. 

Of a given number of races of the same species of bacteria, the 
one which becomes parasitic on a given host species is not neces¬ 
sarily the most virulent for that species. This phenomenon im¬ 
pressed itself upon me during the study of a number of races of 
the bacillus of Septicemia hemorrhagica, or, more familiarly, rabbit 
septicemia. Races of this species have been found very widely dis 
tributed among mammals and birds. Epizootics due to it have 
been described as occurring among cattle, carabao, game, swine, 
rabbits, guinea-pigs, fowls, geese, etc. It lives in the upper air- 
passages of many domestic animals in health. 

The rabbit may be successfully inoculated with any of these races. 
Some are very virulent, for the merest scratch of the skin inocu¬ 
lated with them will result in death within twenty-four hours. But 
the rabbit is not attacked spontaneously by them, although they 
are ubiquitous. The race which has fastened itself upon the rabbit 
is one of a very low degree of virulence for that animal. Similarly 
the highly virulent tubercle bacillus of cattle is encountered only 
occasionally in man, although the opportunities for a transfer from 
cattle to man are very good. 

On first thought, it would seem to us that the most virulent race 
would be the one to crowd out any less virulent races and finally to 
predominate. But comparative pathology shows us that the con¬ 
trary may be true. 

The explanation for these apparently discordant facts readily 
flows from a consideration of the life-history of parasitic micro¬ 
organisms. This briefly consists of three phases, the entry into the 
host, the temporary multiplication therein, and lastly, the escape 
to another host. Each step in this life-cycle must be carefully and 
deliberately worked out in the evolution of parasitic organisms, 
and each demands a special mechanism adapted to the purpose. 
One step is as important as the other. The parasite must find an 
unguarded entry, or one which yields readily to its efforts. It must 
have a means of defense within the body, and it must finally reach 
the exterior to enter a fresh subject. 

As a result of these needs, each micro-organism producing disease 
has one or several avenues of entry and escape. In some of the 
protozoa there is but one avenue, and this is highly specialized and 
is through the body of some insect. Among the bacteria the chan¬ 
nel’ *'? escape are less highly developed, and there may be several. 
As a rule, the microbe adapts itself eventually to a locus more or 
less in direct contact, with the exterior, and in some instances the 
loci 0 * r v y multiplication, and exit have coincided. If we think 
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over the various infectious diseases of man and animals, of which 
we have any definite information, we shall be surprised to find in 
how many the points of attack are in organs or tissues in direct 
communication with the exterior. In the most common type of 
tuberculosis, pulmonary consumption, the process is almost wholly 
limited to the respiratory organs. In typhoid fever the process is 
to a large degree carried on in the intestinal wall. In dysentery and 
cholera it is wholly so. Even in the very protracted disease of 
leprosy, the skin is the chief seat of the disease, while the discharge 
of bacilli from the ulcers of the nose is the rule in the tuberculous 
type. In that exquisitely parasitic, highly specialized group of 
micro-organisms producing the eruptive diseases, the final process 
is carried on in the skin. In these diseases the mechanism of escape 


is the most perfect. 

On the other hand, among the spore-bearing pathogenic bacteria 
the means of escape is uncertain. Thus the anthrax bacillus betrays 
its saprophytic nature, as pointed out by Koch many years ago, 
in its inability to produce spores within the body. Were it not for 
the accidental discharges of blood from the mucous surfaces and 
the operations of man, the bacillus might not escape at all to sporu- 
late. Similar conditions obtain for the bacillus of tetanus and of 
Rauschbrand. Both produce disease probably in an accidental 
manner, and not as progressive parasites. Their continued exist¬ 
ence is assured by vegetation and spore formation outside of the 
body, and it is highly probable that the species would continue to 
exist if they did not attack animal life, and that their incursions 
into the body are of no use to them. On the other hand, all attempts 
to demonstrate the production of spores in bacteria whose exist¬ 
ence depends largely or wholly upon parasitism have thus far 
failed. The spore is evidently poorly fitted to parasitism, and is 
replaced by other devices of more adaptability. 

The mechanisms of invasion and escape bear a distinct relation to 
the pathogenic power or virulence. It is safe to assume that those 
varieties or species no matter how virulent, will be eventually de¬ 
stroyed if these mechanisms are imperfect. In fact. the more \ irulent 
the microbe, the more rapid the death as a result of invasion, the 
less the opportunity for escape. Hence there will be a selection in 
favor of those varieties which vegetate whence they can escape. 
The surviving varieties would gradually lose their highly virulent 
invasive qualities and adapt themselves more particularly to the 
conditions surrounding invasion and escape. That some such pro¬ 
cess of selection has been going on in the past seems the simplest 
explanation of the relatively low mortality of infectious diseases. 
These individuals or races of microbes which invaded the host too 
rapidly and caused death would be destroyed in favor of those 
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which vegetated more slowly and in tissues permitting escape of 
the microbe after a certain time. 

We may now return to the rabbit septicemia bacillus. The reason 
why the most virulent type of this group does not pass to rabbits is 
due to the fact that there is no satisfactory mechanism of entry and 
escape. This presupposes a lesion, a wound as a place of entry, and 
the excretion and transfer into a wound in another animal. In the 
rabbit this difficulty is worked out in the way usual with this bacillus. 
The microbe adapts itself to vegetate upon the. mucous membrane 
of the upper air-passages. Under certain conditions it invades the 
lungs, pleural and pericardial, more rarely the peritoneal cavity, 
producing pneumonia and extensive exudates on the serous mem¬ 
branes, and causing death. The disease of the thoracic organs evi¬ 
dently follows some predisposing cause, which enables the bacillus 
to make a temporary invasion from the mucous membrane. This 
incursion into the body is not essential to the life of the race. In fact, 
a little reflection will show that the bacteria which invaded are not 
likely to be transmitted, whereas those on the mucosa are readily 
handed down from old to young. The virulence of the bacillus is thus 
kept on a low level, so low that subcutaneous inoculation of pure 
cultures produces merely a local lesion. This type of disease is quite 
different from that produced by inoculation with highly virulent 
races. These multiply rapidly in the blood throughout the body. 

We can now appreciate Pasteur’s failure to exterminate the rabbits 
of Australia. He believed that with races of this bacillus on hand 
which destroy life very quickly, all that is necessary is to start the 
disease among rabbits, and it will tend to spread. The stricken rabbit 
with its blood full of germs does not offer the means for inoculating 
a second, and so the virulent race perishes. 

We can understand, furthermore, why the bacteria associated with 
definite diseases in animals produce a diseased condition with diffi¬ 
culty after inoculation. The virulence of the specifically adapted 
microbe is of a relatively low order, and in the production of epizootics 
various conditions must be realized which assist the micro-organism. 
The careful analysis of these conditions will form one of the great 
problems of pathology in the immediate future. 

The phenomenon of the elimination of the most virulent races and 
the establishment of parasitic races of less invasive power I have por¬ 
trayed in the simplest terms. But it is probably much more complex. 
The parasite, to be successful, must also stand in a definite relation 
to the tissue through which it enters. It is quite probable that the 
race of rabbit septicemia bacilli of high virulence would not be able to 
maintain itself in the mucus of the upper air-passages. This ability 
to multiply in certain places is evidently an acquisition which gives 
the particular race its specific character. Without doubt the bovine 
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tubercle bacillus, though of great virulence, does not possess the 
specific power of entering the human body, or, it may be, of main¬ 
taining itself after entry in certain tissues, such as the lymph-nodes, 
except under certain accidental, favoring conditions not yet under¬ 
stood. Perhaps the process of cultivating vaccine virus in the skin has 
deprived it of the capacity for entering through the respiratory tract, 
and has converted it into a purely iuoculable virus. 

In the study of pathogenic bacteria the relative ease with which 
pure cultures may be obtained from the blood and other organs only 
accessible by way of the blood has made this a favorite way of 
obtaining such cultures. But it may be asked whether we are not in 
this way obtaining bacteria of maximum virulence. May not the 
non-agglutinability of some typhoid bacilli immediately after isola¬ 
tion be accounted for in this way? In general, the bacteria thus 
obtained can differ but little from the type, as they are all recently 
descended from a single bacillus, or a very few which caused the infec¬ 
tion. It is different in the so-called passages through series of animals 
in which the usual portals of entry and exit are circumvented and 
the bacteria injected into the body and withdrawn therefrom directly. 
As a result of such passages many species of bacteria have been made 
more virulent, and Pasteur was able to modify greatly the unknown 
virus of rabies. 

Besides the maintenance of virulence, and its occasional augmenta¬ 
tion, a slow decline to complete loss of virulence may be looked for 
under conditions abnormal for the microbe. This probably goes on 
where the bacteria multiply, partly or wholly protected from bac¬ 
tericidal influences. The bacilli of tuberculosis, which multiply in 
cavities of the lungs or in muco-pus of the air-tubes in chronic cases, 
must be regarded as degenerating in virulence. And we actually en¬ 
counter races varying considerably in pathogenic power. In the 
throats of well persons, or those who had diphtheria months ago. 
bacilli without any power of toxin production, but with all the other 
characters of genuine diphtheria bacilli, are occasionally encountered. 

During the elimination of the more virulent races of micro-organ¬ 
isms, there goes on as well a gradual weeding-out of the most suscept¬ 
ible hosts. In a state of nature in which medical science plays no part, 
there must occur a slight rise in the resistance of individuals, due to 
selection, and perhaps acquired immunity, which meets the decline 
of virulence on the part of microbes until a certain norm or equilibrium 
between the two has been established. This equilibrium is different 
for every different species of micro-organism, and is disturbed by any 
changes affecting the condition of the host or the means of trans¬ 
mission of the parasite. One result of the operation of this law is the 
low mortality of endemic as compared with epidemic diseases. Cer¬ 
tain animal diseases, while confined to the enzootic territory, cause 
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only occasional, sporadic disease, but as soon as they are carried 
beyond this territory, epizootics of high mortality may result. Cli¬ 
mate in some cases enters as an important factor, but the most import¬ 
ant, perhaps, is the slight elevation in virulence brought about by 
a more highly resistant host. The most susceptible animals are weeded 
out, and the rest strengthened by non-fatal attacks. The virulence 
of the microbe rises slightly to maintain the equilibrium. In passing 
into a hitherto unmolested territory, the disease rises to the level of 
an epizootic until an equilibrium has been established. 

The same is true of human diseases, among which smallpox is a 
conspicuous example. The great pandemics of influenza, which seem 
to travel from east to west every one or two decades, soon give way 
to sporadic cases, and the careful work of many bacteriologists would 
indicate that the influenza bacilli found at present have fallen to the 
level of secondary invaders, and are parasites of the respiratory tract 
in many affections. 

As pathogenic micro-organisms differ not only in the degree of par¬ 
asitism attained, but also in their essential nature, a great variety of 
diseases is the result. In a crude way they may be arranged into three 
classes: 

(1) Micro-organisms which live upon the skin and the mucous 
membranes, and invade the body only when lesions exist in these 
structures, or where the general resistance is impaired. 

(2) Micro-organisms which appear only occasionally from some 
unknown but permanent focus. They produce epidemics often highly 
fatal, but they are successfully pushed back, because the strain cannot 
readily adapt itself to the new conditions. 

(3) Micro-organisms which are most highly adapted for a parasitic 
existence, and which produce diseases of a relatively fixed type. 

As regards the first class, the conditions under which they produce 
disease rise more and more into prominence. The factor microbe 
becomes almost secondary to other factors. Many of our most com¬ 
mon diseases obey certain meteorologic laws. Thus diphtheria and 
pneumonia are chiefly winter diseases, because the conditions of 
throat and lungs which favor them are largely due to cold weather, 
or, we might say, the cold weather acting upon an indoor sedentary 
population, or one subjected to untoward influences, injures the re¬ 
spiratory tract. Some microbes of this class depend upon the prepara¬ 
tion made for them by others. Thus the exanthematous diseases, 
such as scarlatina and smallpox, are frequently associated with or 
followed by the invasion of streptococci, and the majority of deaths 
are due to such secondary invasion. The streptococci live upon the 
mucous membranes, and whenever the proper opportunity comes 
they invade more vital territory. This group of bacteria is the fre¬ 
quent cause of death in chronic diseases. Some years ago Professor 
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Flexner pointed this out, and denominated the invasion as a termiual 
infection. I think that they may also be appropriately styled the 
parasites of the diseased state. 

Among the second group we may place such diseases as Asiatic 
cholera and the bubonic plague. The origin of the first is unknown. 
The definite host of the second is probably the rat. 

Among the third class we have such groups of diseases as tubercu¬ 
losis, leprosy, syphilis, and glanders, on the one hand, and the erup¬ 
tive diseases, on the other. The former are very chronic, protracted, 
the latter acute, rapid in their course. In the eruptive diseases the 
infection seems to depend solely upon the specific susceptibility of 
the individual, and immunity is easily brought about by protective 
inoculation. 

In tuberculosis and leprosy the mode of infection is evidently very 
different from that of the group just mentioned. Prolonged exposure, 
as in family life, seems necessary to successful infection, and even then 
many exposed individuals escape. In tuberculosis, heredity plays 
a very prominent part in the eyes of the physician, because the dis¬ 
ease appears to propagate itself in families. This is probably due 
to the necessity for more intimate association and repeated exposure 
in order that the disease might appear. Here the disease is long 
drawn out, the parasite may become in a sense individualized,and the 
attack upon a new host may have to be made repeatedly. With these 
highly parasitic forms the necessity for a frequent transfer to another 
host is slight. In leprosy, the disease may Inst fifteen years to twenty 
years, and then death ensues, usually as a result of the attack of the 
secondary invaders. 

From the biologic standpoint which I have endeavored to present, 
we may conceive of all highly pathogenic bacteria as incompletely 
adapted parasites, or parasites which have escaped from their cus¬ 
tomary environment into another in which they are struggling to 
adapt themselves, and to establish some equilibrium between them¬ 
selves and their host. The less complete the adaptation, the more 
virulent the disease produced. The final outcome is a harmless par¬ 
asitism, or some well-established disease of little or no fatality, unless 
other parasites complicate the invasion. The logical inference to be 
drawn from the theory of a slowly progressive parasitism would 
be that in the long run mortality from infectious diseases would be 
greatly reduced through the operation of natural causes. But morbid¬ 
ity would not be diminished, possibly greatly increased, by the wider 
and wider diffusion of these parasites, or potential disease producers. 
The few still highly mortal plagues would eventually settle down 
to sporadic infections, or else disappear wholly because of adverse 
conditions to which they cannot adapt themselves. 

In this mutual adaptation of micro-organism to host there is, how- 
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ever, nothing to hinder a rise in virulence in place of the gradual de¬ 
cline, if proper conditions exist. In fact, it is not very difficult to fur¬ 
nish adequate explanations for the recrudescence and activities of 
many diseases to-day, though the natural tendencies are toward a 
decline in virulence. In the more or less rapid changes in our environ¬ 
ment due to industrial and social movements the natural equilibrium 
between host and parasite established for a given climate, locality, 
and race or nationality is often seriously disturbed and epidemics of 
hitherto sporadic diseases result. Typhoid fever will serve as one illus¬ 
tration of my thesis. It is ordinarily a sporadic infection, passing 
from the sick to the well by direct contact. Our knowledge that the 
infection of this and other diseases is contained in the discharges of 
the sick, and a growing sense of cleanliness, led years ago to the large 
systems of sewerage, which have made a crowded city life possible. 
But the removal of sewage from our immediate surroundings was the 
beginning of new trouble. The sewage was led into water-courses 
from which drinking-water came. Hence the great epidemics in place 
of sporadic disease. The direct transmission of the parasite on a small 
scale was largely checked, but the indirect transmission greatly 
favored. The dweller in cities with unprotected water-supply is still 
further endangered by the fact that the typhoid bacilli returned in 
the water may represent more virulent varieties than those handed 
down by his ancestors in rural communities. The motley population 
brought together by migrations from all parts of the globe bring the 
various races of bacilli with them to be redistributed on a large scale. 

Conditions may even create diseases artificially. Thus in child¬ 
birth, the physician through want of cleanliness may in his examina¬ 
tion actually inoculate a wounded surface with streptococci or other 
septic bacteria. In a hospital badly managed, such germs may be 
made to pass artificially through a series of individuals, and their vir¬ 
ulence raised. In nature this could not take place, because there would 
be no physician. Hence the transfer would not take place. The his¬ 
tory of maternity hospitals before the period of asepsis in surgery 
is a sufficient proof for the theory advanced. Hospital erysipelas and 
hospital gangrene were diseases artificially bred. With the introduc¬ 
tion of the principle of asepsis in medicine and surgery, the artificially 
created diseases were destroyed, because the transportation facilities 
of the bacteria were cut off. 

These illustrations indicate that so-called natural law does not 
stan d in the way of our having highly virulent types of disease if we 
are ignorant enough to cultivate them. The micro-organism is suffi¬ 
ciently plastic to shape itself for an upward as well as a downward 
movement. Among the most formidable of the obstacles toward a 
steady decline of mortality is the continual movement of individuals 
and masses from one part of the world to another, whereby the partly 
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adapted parasites become planted as it were into new soil and the 
original equilibrium destroyed. These various races of disease germs 
become widely disseminated by so-called germ-carriers, and epi¬ 
demics here and there light up their unseen paths. Fortunately for 
us, the conditions under which these micro-organisms may establish 
themselves are in many cases so complex that they cannot be real¬ 
ized. It is highly probable that the bubonic plague cannot get a foot¬ 
hold or maintain itself among us, while Asiatic cholera might have a 
better chance, through our still greatly unsatisfactory water-supplies. 
Many tropical diseases would fail to take root in our climate. The 
mysterious rise and disappearance of leprosy in the Middle Ages has 
astonished many students of epidemiology. Possibly some slight 
bias of the micro-organism may have accomplished what seems almost 
a miracle. Perhaps the right race or variety, once introduced, may 
repeat the history of the Middle Ages in our day or in that of the 
coming generation. 

Another obstacle to the amelioration of infectious diseases is the 
rapid change going on in the habits of individuals and the ferment 
in our conceptions of health and well-being, which are continually 
upsetting any established equilibrium and making us more resistant 
to some diseases, more susceptible to others. Of great interest is the 
effect upon the human race of the assiduous care of those afflicted 
with certain chronic diseases which is just now expressing itself in 
the establishment of sanatoriums for the cure of the tuberculous. 
If this movement should gain great headway, there may be a race of 
immunes gradually developed who may be able to stand the untoward 
conditions of indoor city life much better than the naturally robust 
and physically superior who have no so-called hereditary taint. 

Of still greater interest is the vast vaccination experiment to whose 
beneficent influence the century just past bears ample testimony. 
The vaccinated individual is either wholly immune, or else the dis¬ 
ease contracted after exposure is abortive, and the eruptive stage 
does not come to full development or maturity. The excretion of the 
infecting organism is thereby greatly interfered with, and it is not im¬ 
probable that in the mildest cases it may not reach that maturity 
necessary for the successful infection of others. In view of the adapt¬ 
ability of micro-organisms in general, it is not beyond the range of 
possibility that a variety of the smallpox organism may through a 
chain of accidents arise as a result of successive passages through 
partly protected individuals. To-day it seems fairly well established 
that a single vaccination in infancy is not an adequate protection 
during life, and at least one nation — a nation which not only culti¬ 
vates but consistently utilizes science — prescribes two vaccinations 
as necessary to complete protection. Whether in the days of Jenner 
repeated vaccinations were deemed necessary I have not been able to 
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verify; but we may assume without immediate fear of experimental 
contradiction that a century of incomplete protection may have 
worked some changes in the smallpox organism. In any case, it is 
obvious that our thesis implies, in addition to the natural decline of 
virulence, also a gradual rise in virulence whenever the resistance 
of susceptible individuals is raised on a very large scale. Either the 
micro-organism, if a true parasite, will perish, or else it will aug¬ 
ment its invasive powers to meet those of its host. 

Another problem has been created for the diphtheria bacillus by the 
extensive use of diphtheria antitoxin. Will the thorough protection 
of one group of human beings lead to the decline or to the increase in 
virulence of the diphtheria bacillus circulating among the individuals 
of this group? What effect will the transfer of such bacilli to unpro¬ 
tected groups have? These and similar queries may be answered not 
many years hence, for a generation of microbes represents a very 
short space of time. 

It may not be out of place to call attention here to the bearing of my 
thesis upon the recent attempts to utilize parasitism in ridding us 
of undesirable or noxious animals. In bacteriology there have been 
attempts to destroy field-mice and rats with certain species of bacteria. 
In entomology, parasitism is such a familiar phenomenon that it has 
been seized upon on a number of occasions to destroy othenvise un¬ 
assailable insect pests. 

Leaving out of consideration the presumptive dangers of introduc¬ 
ing new species into a locality or country, which must always be taken 
into consideration, although they may be of no significance, we have 
to consider the chances of success as compared with the cost of intro¬ 
ducing and maintaining the parasites. In any event, we need not 
expect a destruction of the noxious species, for that is not the end of 
parasitism. A reduction in numbers is all that need be looked for. 
The new parasite will probably fail to become acclimated at first, 
and it may be necessary to reint roduce it for a number of years. During 
this period some few may become adapted to their environment, and 
continue as parasites. Whether the equilibrium finally established 
will be of economic value, must be observed rather than predicted. 
In bacteriologic experiments of this kind the continued vigorous activ¬ 
ity of the bacteria from year to year need hardly be expected. The 
disease will either die out or continue on a low level of mortality, 
in accordance with the general laws I have detailed, unless bacteria 
whose destructive powers are maintained and carefully gauged in 
the laboratory are distributed at definite intervals. 

In conclusion, I will simply call attention to another problem affect¬ 
ing the future well-being of mankind, the possibility of new infectious 
diseases arising in the flux and change incidental to human progress. 
^ e have assumed that the capacity for a parasitic existence probably 
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depends on some original offensive power of the microbe which it 
accidentally possessed, such as toxin production, or the presence of 
intracellular toxins combined with defensive powers. These, pos¬ 
sessed independently of the host, were probably the entering wedges 
to be further developed or dropped, according to necessity. It is more 
than probable that all species of bacteria which possess these rudi¬ 
mentary invasive powers have already availed themselves of the 
opportunity to become parasites of animal life on the one hand, of 
vegetable life on the other, and that no startlingly new diseases will 
arise from saprophytic forms. 

Subsidiary problems there are, however, concerning the modifica¬ 
tions and readaptations of the parasitic forms already in existence. 
These may be grouped under two heads: 

(1) The transfer and adaptation of parasites from one host species 
to another. 

(2) The increase of invasive properties of parasites of the same 
host. 

Are there any new diseases likely to appear as a result of the suc¬ 
cessful adaptation of parasites of higher animals to the human sub¬ 
ject? This is a legitimate question, though difficult to discuss, for 
want of material at present. Among the more important possibilities 
I will simply mention the bovine tubercle bacillus and the hog-cholera 
group of bacteria. The larger number of parasites on animals are so 
specialized, however, their receptor apparatus, according to Ehrlich, 
may have been so curtailed, that parasitism on a relatively distant 
species may be impossible. 

As regards the second problem, that microbes may gain in invasive 
power on the same host, the principle I have endeavored to establish 
would stand in the way of any rise in virulence, because the most 
invasive forms of a varying species would have the least chance for 
transmission. Whatever increase in disease-producing power nmy 
be acquired must be gained under special conditions, one of which is 
association with other microbes. Thus, if we could conceive of the 
same streptococcus, originally an inhabitant of the normal throat, as 
passing on account of some series of accidents through the bodies o 
a number of scarlatina patients, this streptococcus might, thereby rise 
temporarily to the level of a serious menace to the throats and perhaps 
other organs of relatively healthy people. 

Again, certain microbes, like B. coli, the pneumococcus and men¬ 
ingococcus, may, by living upon catarrhal mucous membranes, and 
passed from case to case, acquire enough temporary pathogenic power 
to cause localized epidemics under favorable conditions. Any advan¬ 
tage thus gained would soon be sacrificed, and the microbe return to 
the normal condition, unless a satisfactory mechanism of transmission 
could be established. 
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It will be seen that there are many problems before the bacteriologist, 
problems which have something akin to those of the student of races, 
varieties, and species among higher forms of life. These problems 
must be attacked with the same patience and pertinacity that were 
exercised by Mendel, Darwin, De Vries, and many others in the effort 
to trace the rise of new species. 

In dealing with the great problems of pathogenesis and parasitism 
as applied to the micro-organisms in such a summary and hasty man¬ 
ner, and in endeavoring to trace the law of a declining virulence (and 
hence mortality) and an advancing parasitism, I may have left some 
doubts in the reader’s mind concerning the ultimate value of medi¬ 
cine, preventive and curative, in controlling these diseases, since it 
might be assumed, according to the hypotheses presented, that they 
would take care of themselves. This impression will, I think, be dis¬ 
pelled by a little further development of the ideas presented. 

The social and industrial development of the human race is con¬ 
tinually leading to disturbances of equilibrium in nature, one of whose 
direct or indirect manifestations is augmentation of disease. In order 
to avoid this calamity, or reduce its force as much as possible, we must 
make special compensations or sacrifices to restore or maintain the 
normal balance. The more clearly the kind of compensatory action 
required is foreseen, the more promptly it is put into effect, the less 
disease there will be. It is the true function of medical science to dis¬ 
cover and put into effect those compensatory movements which will 
counterbalance the temporary ill effects of what, for want of a more 
illuminating term, we call human progress. 

It is largely through the phenomenon of parasitism that nature 
attempts to restore the equilibrium, and in this micro-organisms play 
the most important part. As soon as the individual falls below a cer¬ 
tain level he may become the prey of a microscopic, or even an ultra- 
microscopic world. Hence the importance of bacteriology in medical 
science. Much has already been done in determining ways and means 
for the counterbalancing of the ravages of this microscopic world, but 
science cannot rise above natural law. It must work through it. 
The optimism of the world frequently places science above natural 
law and believes it capable of correcting any and all excesses of in¬ 
dividuals and races. We may be certain that it will never be able to 
eliminate the factor of parasitism. Its most important work will con¬ 
tinue to be to analyze this factor into its minutest details and to devise 
means by which this analysis may be made useful in turning aside or 
at least in deadening the shock of disease. 
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Professor Frederick P. Gorham, of Brown University, presented a paper to 
this Section on “ The Production of Light by Bacteria,” in which were set forth 
both the importance of the study of photogenic bacteria and the various species 
which have thus far been discovered. 
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Speakers: Professor Charles B. Davenport, University of Chicago. 
Professor Alfred Giard, The Sorbonne, Paris. 
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The Chairman of the Section of Animal Morphology, Dr. Leland 
0. Howard, of the United States Department of Agriculture, in 
calling the Section to order, briefly spoke of the enormous pro¬ 
gress in research in animal morphology during the past decade, and 
congratulated the Section upon its good fortune in having as its 
principal speakers such representative workers in this branch of 
science from Europe and from America. He spoke of the wide range 
of the investigations which have been conducted for many years 
by Professor Alfred Giard, and mentioned especially the fact that 
among European zoologists Professor Giard is probably the best 
informed concerning the investigations of American workers. His 
interest in American investigations, and his reviews and comments 
upon American publications, have endeared him to American 
biologists, while his own brilliant investigations have commanded 
our respect. 

The work of Professor C. B. Davenport, the Chairman stated, was 
too well known to the Section to need any comment from him. 
His admirable work, and his acknowledged leadership of a new and 
important school of investigators, are generally acknowledged, and 
his recent appointment as Director of the Carnegie Institution 
Station for Experimental Evolution, at Cold Spring Harbor, is 
the latest recognition of this fact. 



ANIMAL MORPHOLOGY IN ITS RELATION TO OTHER 

SCIENCES 


BY CHARLES BENEDICT DAVENPORT 


[Charles Benedict Davenport, Director of the Station for Experimental Evolution, 
Carnegie Institution of Washington, b. June 1, 1866, Stamford, Connecticut. 
S.B. Polytechnic Institute of Brooklyn, 1886; A.B. Harvard University, 1889; 
Ph.D. ibid. 1892. Assistant in Zoology, Harvard University, 1887-91; In¬ 
structor in Zoology, ibid. 1891-99; Assistant Professor of Zoology, University 
of Chicago, 1899-1901; Associate Professor of Zoology, ibid. 1901-1904: 
Director of the Biological Laboratory of the Brooklyn Institute of Arts ana 
Sciences, since 1898. Member of the American Academy of Arts and Sciences; 
American Association for the Advancement of Science; SocidtO ZoOlogique de 
France; Allgemeine Entomoloeische Gesellschaft, etc. Author of Experimental 
Morphology; Statistical Methods; and other works and monographs on zoology.] 


In the system of classification adopted by the organizers of this 
Congress the science of animal morphology is apparently to be 
defined so as to exclude comparative anatomy. I take it, conse¬ 
quently, that it is intended to include only the broader problems 
connected with the form of animals, — such as the phylogenetic 
evolution of form, the embryological development of form, and the 
restoration of the mutilated form,— in general, the form-producing 
and form-maintaining factors. 

Expressed in this way the relations of animal morphology become 
more evident; and clearly the first and most intimate of these 
relations is with the morphology of plants. The separation of animal 
morphology from plant morphology in the department of biology, 
while according with a division of the subject found to-day in 
our universities, is, I think, not an ideal condition. For the form- 
producing and the form-maintaining factors are, at bottom, the 
same in all organisms. The problem of what factors have worked 
to determine whether a fish or a man shall have such and such a 
form is identical with that of the determination of the form of a fern 
or an oak. Little by little the morphologists that deal with the 
broader aspects of their science are being forced to face the absurd¬ 
ity of its division on the basis of the material studied. In .cytology 
it is found that the maturation of the germ-cells, the fertilization of 
the egg- and cell-divisions, are identical processes in the two “king¬ 
doms.” 1 To admit a plant cytology and an animal cytology is only 
less absurd than to admit a mammalian cytology, an avian cytology, 
and a reptilian cytology. 

What is true of cytology is true of the other branches of morpho- 


rrLUSi r ? cent and l *st general work on cytology is that of E. B. Wilson, 
1 he tell in Development and Inheritance, 2d edition, New York, 1901. 
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logy, such as embryology in its broadest sense, the phenomena of 
regeneration and regulation in organisms, 1 and especially the evo¬ 
lutionary history of specific forms. While in taxonomy we must 
continue to have botanists and zoologists, as we shall continue to 
have ornithologists, entomologists, etc., yet outside of the purely 
descriptive subsciences I would the gulf between botanists and zoo¬ 
logists were annihilated, and that we had biologists separated rather 
in regard to subjects, and university chairs, journals and societies 
devoted to evolution, cytology, ontogenetic processes, and form 
regulation, without regard to the systematic position of the material 
studied. Then we might hope to advance a subject instead of mull¬ 
ing over endless descriptive details. 

We have next to consider the relations of morphology to form 
evolution, or phylogeny. Before we can consider how a new form 
arises, we must clear the field by seeking some element of form. 
The mass of material in the organic, like that in the inorganic 
world, early led to an attempt at the classification of these materials 
in both biology and chemistry. In chemistry a certain number of 
kinds of materials have in course of time been catalogued and are 
called substances, each of which has its particular molecular com¬ 
position. In biology, likewise, many thousand kinds of organisms 
have been catalogued, and these are called species, each made up 
of particular sorts of individuals. Chemistry has gone a step farther 
in its analysis of non-living matter, and recognized that the different 
molecules are made up of diverse combinations of a relatively 
small number of units called atoms. To-day biology has to recog¬ 
nize that its individuals arc likewise diverse combinations of units 
— relatively very numerous — which, following De Vries, 2 we call 
unit characters, or we may use the simpler name of “character¬ 
istics.” Characteristics are thus to individuals what atoms are to 
molecules. As the qualities and behavior of molecules are deter¬ 
mined by their constituent atoms, so the essence of the individ¬ 
uals of any species is determined by its constituent characteristics. 
And as we may construct new substances at will by making new 
combinations of atoms, so we may produce new species at will by 
making new combinations of characteristics. The making of new 
combinations in molecules or species is a useful work, but it is not 
evolution. Evolution in the non-organic or the organic world is first 
achieved when we can make new atoms or new characteristics, 
as the case may be. 

This conception of species, which has arisen during the present 

' See T. H. Morgan. Regeneration. New York. 1901. 

Compare De Vries: Die Mutationstheorie. "Die Figenschaflcn der Organismen 
aus echarf von einander unterschiedenen Einheitcn aufgcbaut sind.” Bd. I, p. 3, 
Leipzig, 1901. 



246 


ANIMAL MORPHOLOGY 


decade, has its germ in the work of Mendel, 1 and, in consequence 
of the stimulating researches of De Vries, 2 Correns, 3 Tschermak, 4 
Bateson, 5 and others, 6 has developed into a stately doctrine, a 
doctrine which bids fair to revolutionize biology as the atomic 
theory did chemistry. It adds at once a new dignity and interest 
to morphology as well as to the description of species, or taxonomy. 
In describing the form of an animal we are enumerating its qualities. 
Many of these are directly the unit characters of the species; others 
are composite and may be analyzed, by appropriate methods of 
breeding, into the elemental characteristics. 

I may illustrate this by reference to domesticated poultry, 7 to 
which I am now paying some attention. It is impossible to enu¬ 
merate all of the characteristics of poultry, but the following are 
some of the most striking: 

Size: Large and dwarf, which are exemplified in the Asiatic 
breeds and the bantams. 

Colors: Black; buff or red; white; brown (in the female), the 
male being often bronze, green, black, yellow and white; barred 


Mendels work was first published in Vcrhandl. naturf. Vercin in Priinn, Ab- 
handlungen nr. 1X55. Published IXfifi. A translation in English is Riven by W. 
Hntcaon, Mendel 1 * Principles of Heredity, Cam bridge [England], 1902. 

_ I)e Vries (Sur la loi dr disjunction des hybrides, CompU s rend, d 1 Academic 
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(as in the Plymouth Rock) and spangled (having centre of feather 
of different color from periphery). 

Comb: Single, pea, rose (flat, covered with tubercles, like a file), 
walnut; replaced by crest. 

Legs: Feathered, featherless; black, blue, yellow, horn-color. 

Body-shape: Short and chunky; tall and slender. 

Now the various varieties of fowl are made up of various com¬ 
binations of these characters. Thus we may have Plymouth Rocks 
which, instead of having bars, are pure \vhite t or all buff; or the 
single comb may be replaced by a rose comb (when they are called 
Wyandottes); the usually clear legs may be feathered; and. finally, 
they may be “ bantaraized.” 

Any desired characteristic in the whole catalogue of poultry 
characteristics might be engrafted upon an original Plymouth 
Rock stock. We might put on it the crest of the Polish fowl or the 
twisted feathers of the frizzle, or the loose barbs of the silky, or the 
taillessness of the rumpless, or the long fail-feathers of the Japanese 
long-tailed fowl. All this is, of course, possible because of the cross¬ 
fertility of the races having these different characteristics. By 
similar procedure we might make a white, blue-eyed, deaf, long¬ 
haired, tailless, seven-toed cat; engraft the horns of the Dorset 
sheep upon the hornless Southdown; add the fecundity of the two- 
nippled horned Dorset to the multi-nippled condition of Dr. Alexan¬ 
der Graham Bell's flock. 1 We might expect, after some experience, 
to do this with the same certainty that we can get calcium chloride 
and carbonic acid out of a mixture of hydrochloric acid and marble. 

The bearing of this illustration, I repeat, is to show us that char¬ 
acteristics of species are entities, not a little of whose interest lies 
in the question of their origin in each case. When we know how 
such characteristics arise, then we may call them forth at will, and 
so determine the evolution of organic form. For the present it is 
sufficient that by the acquisition of new characteristics new species 
have arisen from preceding ones. 

This assertion is justified by the examination of any extensive 
synopsis of species. Take, for example, De Bormans’s synopsis of 
Forficulid® in Das Tierreich. 2 Take any synoptic key at random. 
Aplerygida japonica has two large tubercles at the end of the abdo¬ 
men. Apteryyida allipes has four small ones. Am'solabis xenta differs 
from A. liUorea by slightly smaller size, and especially bv having 
two teeth in the forceps in the male, or three in the female, instead 
of none at all. I do not mean to assert that species have arisen only 

1 Bell has given an account of his flock in Science. ix, G37, May 5. 1899, and 
Science, xix, 767-768. May 13, 1904. He has also published privately (1904) a 
catalogue of his sheep. 

1 De Bormans, A., and H. Krauss. 1900. Das Ticrrcich, 11 Lief. Forficulidce and 
Hemimerida, Berlin, xvi +142 pp. 
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by an addition or subtraction of characteristics, but this is a com¬ 
mon method. Very often we find one characteristic being replaced 
by another. Thus in Lepidoptera one species may differ from another 
in the replacement of red by yellow; or one earthworm will differ 
from another by having the sexual openings in different segments. 
We have no reason for thinking that these characteristics are 
not integral entities as much as those distinguishing domestic 
races. The modern morphologist, therefore, with the significance 
of characteristics in mind, must appreciate that in enumerating 
these characteristics he is enumerating the steps of evolution. 

The relations of morphology to embryology are so intimate that 
the latter is commonly reckoned a subdivision of the former. Cer¬ 
tainly the interpretation of the adult form depends on a knowledge 
of its development. “In terms of the ancient riddle,” says Bateson 
(Mature , vol. lxx, p. 412), in his recent address as president of the 
section of zoology in the British Association, “ in terms of the ancient 
riddle, we must reply that the owl’s egg existed before the owl, and 
if we hesitate about the owl we may be sure about the bantam.” 
The characteristics of the adult form are implicit in the fertilized 
egg. and are determined by the Anlagen of the characteristics wrapped 
up in that egg. We know now that upon the symmetry of the egg 
and of the successive cleavages often, if not typically, the symmetry 
of the adult form depends, 1 * and that to the lack of symmetry of 
cleavage in gasteropods their lack of symmetry is probably to be 
referred.* In the successive cleavages definite organ-tracts are 
marked off. 3 and still later the epidermal organs, such as hair, 
feathers, and scales, — the bearers of the more evident heredity 
characteristics, arc laid down in regular lines, radiating often from 
single points or groups of cells, 4 * * * thus simplifying the problem of 


r'v 11 -1*. ( ’ ra ^ptpn, 1894. Reversal of Cleavage in a Sinistral Gasteropod, Annals 
of kgv lork Academv of Science, vm, 107-170. 

i <>in ?’ Ttlc °J Crtpidula, Journal of Morphology, xni, 

1 —10, April, 1897. 

3 Compare Hie results of II. E. Crompton. Experimental Studies in Gasteropod 
rnmlv r? ’ Arc! T 9 ,,r EntuieMungsmeehanik, Hi, 1-19 (189G). in which the 
re inoxnl of nn early cleavage cell led to a corresponding defect in the larva. Even 

uore striking are the results of E. G. Conklin with ascidinns, Organ-Forming Sub¬ 
stances on th, of .1 setdians, Biological Bulletin, vm, 205-230, March. 19Q5 
who finds organ-tracts preformed in the uncleft egg. ’ ’ 

. 11 m * hinierically repeated organs are laid down from definite hands of cells 

:n 1 H 0 -**! 1 , 8 * * ” * ,as ,on * hoon known, through the studies of 
Hatsehek and r.f \\ hitman. Contribution to the History of the Germ-Layers in Clep- 

W 1 \TThH JOt™ 0SS7,. Compare also the following: E g. 

(V,)V r B \V iTmTi, V r '\7 rn i ° f /38.8-450 

\Yorl n ft UnjUa+Bantoin Annelida, Journal of 

A w • 7 •/ - 1 '- ” • M - '' h £!; ,rr * A euroblnsts in the Arthopod Embryo , 
down ip ' V ; 33 / 34 f multiple organs of other sorts are laid 

tranXV «'Vv I* 7 si f ? rfc ?, the c the "i° f rk ? f Nit»ch. Ptcnjlography ( 1867). 
Jfr i/o rct'.r L ? r, ^ V S T° ,v j an .‘ for ,ia,rs - J - C. H. do Meijere. Ucber 
buchxx' Vl v T UCre ’ tnh€Sondcr * uhfr thrc *4 nordnung, Morphologisehc Jahr - 
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inheritance of peculiarities of plumage or coat color by referring 
them back to transmission through particular cells or cell-groups. It 
has thus been possible to show that all the numerous dorsal append¬ 
ages of the nudibranch mollusk Eolis are derived from material split 
off in a regular manner and at regular intervals from a group of cells 
lying in the tail-end of the developing animal. 1 Thus the interpreta¬ 
tion of the mechanism of transmission of qualities is first gained from 
a study of embryology. 

A second way in which embryology has been regarded as indis¬ 
pensable to morphology is in the light it has thrown on homology. 
By homology — the will-o’-the-wisp of morphology — is meant such 
a similarity of unlike things in different species as would justify 
their receiving the same name. And one of the strongest grounds 
of a homology is similarity of origin regardless of function or even 
ultimate anatomical connections. The search for homologies has 
led to the idealization of the “type,” and this, more than anything 
else, has blinded morphologists to the facts of variation and evo¬ 
lution. When, however, twenty-two vertebra? in place of twenty- 
one can nonplus the seeker after homology, its ethereal nature is 
sufficiently indicated.* Homology may, indeed, exist between 
normal types, but the abnormal or pathological is often beyond 
homology, and yet just the abnormal is, paradoxical as it may 
sound, the important for evolution. 

As we study an organism’s form, we see that it is not made up 
merely of a great number of characteristics, but that these charac¬ 
teristics are, on the whole, such as enable the animal to thrive in 
its environment. We are struck by their “adaptive " nature. 

I am well aware that twenty years or so ago this side of morpho¬ 
logy— the side, namely, of the accounting for an organism's form 
on the ground of use — was little cultivated. Morphology had for 
its aim the discovery of the interrelation of parts in the individual 
organism and the homology of parts in different individuals or 
species, and if it sought to go farther it indulged only in speculative 
inferences as to the probable function of the parts. On the whole, 
the student’s attention was directed towards connections of organs 
and his natural inquiry as to use was stifled. Some one said that 
function varies while the form persists. 5 This phrase became a 
dogma, and function was considered a matter too trivial for con¬ 
sideration. Homology was the study for men of science; analogy 
was for the dilettanti. Morphologists should have been warned by 
cases like the whale, whose teeth cannot be homologized with those 

1 C. B. Davenport. Studies in Morphogenesis. I. On the Development of the Ccrata 
in ceolis. Bulletin of the Museum of Comparative Zoology, Harvard College, XXiv, 

141-148, 1893. 

* See W. Bateson, Materials for the Study of Variation. 28-33 (1894). 

1 Sometimes called “Dohrn’s Law.” 
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of other mammals, and not have underrated the limitations of 
homology nor the importance of the study of adaptations. Only 
within the last few years have we come to recognize that every 
organ is more than a homologue: it is also a successful experiment 
with the environment. 

The existence of that relation between form and environment which 
we call adaptation has been recognized for centuries, yet its full sig¬ 
nificance is still obscure. The prevailing theory (of Darwin) assumes 
that a change in environment precedes any change in form and that 
adaptation is, therefore, necessarily achieved by a change in the 
mean of the form to meet the changed demands of the new environ¬ 
ment. This theory may, indeed, be said to be the natural outcome of 
the morphological doctrine of fundamental fixity of type. The type 
could be bent to meet new conditions, but could receive nothing new 
nor suffer loss of parts. I find that in the pre-Darwinian epoch Prich¬ 
ard 1 suggested that the Creator made the various species and placed 
them in habitats for which their structure fitted them. We see in this 
suggestion translated into modern terms the germ of a very different 
theory of adaptation from the prevailing one. I expressed this nearly 
two years ago about as follows: J “The world contains numberless 
kinds of habitats or environmental complexes capable of supporting 
organisms. The number of kinds of organisms is very great; each 
lives in a habitat consonant with its structure.” Each species is 
being widely dispersed, while, at the same time, it is varying or 
mutating. By chance, some variants of the species get into an environ¬ 
ment worse fitted for them; others into one better fitted. “Those 
t hat get into the worse environment cannot compete with the species 
already present; those that get into a habitat that completely accords 
with their organization will probably thrive, and may make room for 
themselves, even as the English sparrow has made room for itself in 
this country. This process may go on until the species is found only 
in the environment or environments suited to its organization. As 
Darwinism is called the survival of the fittest organisms, so this may 
be called the theory of segregation in the fittest environment.” 

The principle that animals are found in habitats for which their 


‘ J - C. Prichard, Physical History of Mankind. 3d cd.. 1836-37, vol. I, p. 96: 
1 he various tribes of organised beings were originally placed bv the Creator in 
certain regions, for which they are by their nature peculiarly adapted.” I owe 
this reference to F. Darwin's More Letters of Charles Darwin, vol. i, p. 45, New 
I orK. Appleton. 

* The An into/Ecology of the Cold Spring Sand Spit, with remarks on the Theory 
7 U °t‘ ?'* Dr Z!' mal Publt rations of the University of Chicago. Preprint 
dated Jan. I. 1903 Dus was written in the autumn of 1902. The sen time s 

'('old's ' J ‘ e San '7 “ l V a ,S Work< 7 out in m >* P n Per. The Collcmbola of 

s-nl 7 ” 7 \, h ' U , h fi**' 10 ' reference to the movements of the Poduridw Cold 

Sp,im,nm".- Monographs, ii pp. 24. 25. July. 1903. In T. H. Morgan’s book 

^Xr:im ft(tp,ah0n ' th,S View is ****«• book was polished in 
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structure fits them, and not elsewhere, points to the close relations 
existing between morphology and geography. We find the animals 
of the seashore, such as sponges, hydro- and anthozoa, and tunieates, 
to be largely sessile, and, in consequence, of the radiate type of 
structure. This sessile habit makes it possible for them to maintain 
their hold on the rocks from which the beating waves tend to tear 
them. Those which are not actually permanently attached have 
means enabling them to cling closely to the rocks; such are the ech- 
inoderms, the mollusks, many annelids and crustaceans. The ani¬ 
mals of the surface of the sea, such as siphonophores, ctenophores. 
jelly-fishes and larva?, are without such clinging organs; they include 
species whose organization permits them only to float or swim at or 
near the surface. The deep sea could have been populated more 
readily, so far as proximity goes, from the surface organisms than 
from those of the shore line; but only the latter offered the struc¬ 
tural features consonant with life at the sea-bottom, and so the deep 
sea became populated thence. In the swift-flowing rivers we find 
powerful swimmers or animals that can hold fast to the bed of the 
stream and in ponds, we find those species which have some means of 
preserving their continuity in time of drought. In caves 1 we get not 
any forms which happen to be washed into them, but only darkness-, 
moisture-, and contact-lovers. In deserts whole groups of animals are 
absent, only those occurring with thickest skin. — least apt to lose 
water by transpiration, — such as certain snakes, lizards, and hard- 
shelled beetles. 3 In general, in studying the geographical distribution 
of animals in environments presenting extreme conditions we find 
that they clearly have been selected from groups presenting the most 
favorable characteristics. All of this indicates that, often at least, the 
already existing morphological conditions have determined the fitness 
of a species to cope with the environment — morphological charac¬ 
teristics have determined geographical and climatic distributions. 

Morphology as the science of form is often contrasted with physi¬ 
ology, the science of function. Yet between the two is the closest 
possible relation, because an orgun implies a function, and every 
morphological characteristic has a corresponding physiological char¬ 
acteristic. As physiological characteristics are transmissible in the 
same way as morphological, we may think of any individual ns being 
made up of such functional characteristics, just as a molecule is made 

1 Compare C. H. Eigenmann, Cat* A nimals: Their Character, Origin, and their 
K\ndence for or against the Transmission of Acquired Characters. I roceedings of 
American Association for the Advancement of Science. Forty-eighth Meeting 
(1899), p. 255. Also P. C. K. Absolan. Einigc lUmcrkungen ahrr mahnschc Hohlcn- 
fauna, Zoologische Ameiger, xxiii. 1-6 (1900). For a popular account of our 
caves and their fauna, see W. S. Blatchlcv. Cleanings from Aaturc, pp. 99-1 
(1899). 

* For a delightful and accurate general account of the animals of our native 
deserts, see John C. Van Dyke, The Desert, New York. 1001. 
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up of atoms, and in the transfer from one race or species of a set of 
morphological characteristics, we transfer likewise the corresponding 
set of physiological characteristics. Thus, to return to poultry, we 
find the rate of growth, the age at maturity, the egg-production, 
the brooding instinct, and the resistance to disease, to be characteris¬ 
tics of various races, and it is quite possible to combine such charac¬ 
teristics — in so far as they are not incompatible — in various ways. 
Thus we have poultry that mature early, lay many eggs, and are not 
broody — of these the white Leghorn is a good example. Or, we may 
have poultry that grow large, mature late, lay throughout the winter, 
and are very broody — such are the Cochins. This similarity in 
capacity for making combinations which we see between physio¬ 
logical and morphological characteristics proves their close kinship 
and the unscientific nature of the division which would relegate their 
study to distinct sciences. 

What is true of domesticated races is true also of wild species. Bio¬ 
logy has suffered from the circumstance that species have been studied 
almost exclusively from dead specimens. Attention is focused on 
proportions in the dimensions of bones, on number of spines, on an¬ 
tennal joints, on shell-markings, and so on, and we seem to have over¬ 
looked entirely the fact that all these characters constitute only one 
face of the shield. The structural descriptions of the systematist give 
us a no more adequate idea of the characteristics of species than does 
the sight of this exposition on a Sunday, when all wheels are stopped 
and only the form, beautiful and graud as it is, remains, give us an 
adequate idea of it. And so in the study of species we cannot under¬ 
stand the form characteristics without considering also the function 
characteristics. I may illustrate this by some studies which Miss Small¬ 
wood 1 has been making at Cold Spring Harbor. She started with 
a species of Amphipoda — Talorcheslia longicornis — that lives on the 
beach where it is rarely covered by the tide. After studying its form 
and behavior for several months she investigated a second species 
of the same family of Orchestidce, Orchestia palustris, that lives on the 
salt marsh to the limit of the highest tides. After studying this for 
some weeks with respect to behavior correlated with structure, she 
has begun on still a third species of the same family, Alorchestes , 
which is a typical aquatic organism. The instructive thing that comes 
out of her studies is that in just the same way as these species differ 
in structural characteristics they differ in functional characteristics, 
ami the two kinds of differences go hand in hand, and they have to 
lx* studied together to be fully intelligible. 

In still another way are the dynamical and static characteristics 


Fha ' Talorcheslia longicornis. Cold Spring 
Harbor Monog.rphs, i. Mav. 1903. Compare also her paper, The Salt March A m-nhf 
pod, Orchestia palustris, Cold Spring Harbor Monographs, 3. March.1905. A ^ 
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bound together, for every form or part has not merely a form or 
function, but a development, and development is a dynamical pro¬ 
cess. A decade or two ago embryological development was regarded 
as a purely morphological subject, as a series of stages, and little 
attention was paid to the causes that produce the stages and the suc¬ 
cession of organs. During the last decade, however, partly under the 
stimulus of physiologists who have entered the field of embryology, 
its dynamical problems have been studied also by morphologists. 
As a result of the researches of Loeb, Driesch, Herbst, E. B. Wilson, 
Morgan,and many others, we have come to recognize that the egg is 
organized, — cytoplasm as well as nucleus, — and that it exhibits 
varying degrees of organization in different cases. Sometimes it seems 
as though every part of the egg was totipotent, as in the medus*; in 
other cases, the different parts of the cytoplasm seem told off to de¬ 
velop into particular and definite organs, as in some mollusks. We 
have learned, further, that at every stage new organs are called forth 
and their development directed by stimuli proceeding from already 
existing organs. 1 

Moreover.it has been found that even adult structures are depend¬ 
ent upon external conditions for their form. It appears that peculiar 
functioning may alter the form of internal organs, as has been de¬ 
monstrated in the case of a ship’s trimmer and of a cobbler by Lane. 2 
and as a vast number of pathological cases testify, such as the altera¬ 
tion of the arrangement of plates in the spongy tissue in the head of 
the femur, 3 and the functional hypertrophy of the other kidney after 
the loss of one. Morphologists have been forced to realize that form 
and structure cannot be dealt with aside from function and behavior. 
Every part of the living body is a sensitive, responding part whose 
sensitiveness determines structure. This is seen particularly well when 
the body is mutilated or a part removed; then begins the wonderful 
process of regeneration or regulation by which, under control (in the 
higher animals) of the nervous system, the lost parts are in many 
cases restored. In truth, the work of the morphologist has extended 
into the realm of the form-developing and form-maintaining factors, 
and this is a physiological realm. 

From these experiences I conclude that the morphologist who st udies 
form characteristics only is too narrow. Characteristics in their two- 

' The literature on this subject is extensive; recent rfeurntfs are given in E. B. 
Wilson’s The Cell in Development and Inheritance. 2d ed., 1903; also, T. H. Morgan s 
Regeneration , New York. 1902. Read also E. B. Wilson. The Problem of Develop¬ 
ment Science, xxi, 281-294. Feb. 24. 1905. , . . , . . 

Lane’s papers were published in the English Journal of Anatomy and Physi- 
otogy fifteen or twenty years ago. , , , , f4 . . u 

* On the architecture of the spongy tissue of the head of the femur, see H. Meyer. 
Archiv fur Anatomic u. Phyttiologie, 1869; J. Wolff. Virchow’s Archiv fur pathol. 
Anat. l (1870) and lxi (1874); also Roux. Gesammelte Abhandlungen, and Roux. 
Der Kampf der Theile im Organismus, Leipzig, p. 27, 1881. 
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fold aspect of form and function should be the object of his investiga¬ 
tions — their difference in allied species, their integrity, their behavior 
in breeding, their phylogenetic origin, their embryological develop¬ 
ment, and their maintenance in the adult. 

Morphology has relations with sciences quite outside of biology. I 
have already insisted that the problems of form and structure are also 
physiological problems, but in last analysis they are, I think, pro¬ 
blems of physics and chemistry. For myself, I have no doubt that we 
shall some day be able to prove that each characteristic of an organ-, 
ism depends upon a specific substance in the germ-cell, and we may 
hope by altering this substance experimentally to change the corre¬ 
sponding characteristic. Such a change is mutation, and mutation in 
last analysis, as De Vries maintains, depends upon external condi¬ 
tions. 

Apart from this it is certain that the physiological processes in¬ 
volved in the individual’s characteristics are modifiable, and, indeed, 
controlled by physical agents in the environment. 1 Thus it has been 
possible to show that certain salts play special rMes in the develop¬ 
ment of particular organs or characteristics (Herbst). Loeb, indeed, 
has shown that regeneration of hydroids does not occur in the absence 
of potassium. We know, likewise, that iron is necessary to the forma¬ 
tion of the chromatin of the nucleus. 

The physical conditions have likewise an influence in morphogene¬ 
sis. The rate of development is controlled within limits by tempera¬ 
ture; the number and position of stomata and of leaves by light and 
moisture; the number and form of plant hairs by moisture; the 
position of branches and leaves on a stem by gravity; the formation 
of a hydrant h in a hydroid stock by light. So evident is this depend¬ 
ence of morphogenesis upon physical agents that two individuals 
of the same family develop alike only under the same conditions of 
environment. 

There remain to be considered the relations of morphology to the 
queen of the sciences, — to mathematics. Until recent years little 
relation has been recognized, and this I attribute to the fact that few 
naturalists have a type of mind that attracts them to mathematics. 
They have usually been led to their science through a love of nature, 
— a passion that belongs rather to the poetic type of mind than to 
the severely precise mathematical. And so I find that, even to-day, 
when the bearing of mathematics on morphological problems cannot 
be overlooked, few morphologists take an interest in the subject of 
biometry by winch the two sciences are connected. 2 


litp rature on t,,is general subject up to five or seven years 
1899 * >C f ° UU ' ' n mV Ex P erxm(ntal Morphology, New York, vol. i, 1897; v'ol. n, 

,. ' , F .° r r ;. cf 7 enc^s on biometric subjects I may be permitted to refer to mv Statis- 
ical Methods, _(] cu.. New ^ ork, 1904, which includes also a summary of results. 
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The fact that few morphologists have a taste for mathematics 
cannot stay the inevitable trend of the science toward greater pre¬ 
cision of expression and toward mathematical analysis. Until recent 
years characteristics have been described only in the crude language 
of adjectives and adverbs — where greater precision is necessary, 
quantitative expression is inevitable. So we have seen during the 
past ten years the rise of biometry and its application to many mor¬ 
phological problems. Biometry had its beginning in the suggestive 
investigation of Galton; its great development in the last ten years 
has been due, above all, to the tremendous activity of Karl Pearson 
and the workers he has gathered about him. By the aid of efficient 
methods of analysis we are able to state quantitatively not only the 
mean value of any measurable characteristic, but also the degree 
of its variability and the closeness of associated variability of two 
interdependent organs. Moreover, it is possible to study the nature 
of the variability exhibited by any characteristic in any homogeneous 
lot of individuals and to draw an inference from the nature of this 
variability — as exhibited in the variation polygon — concerning the 
condition of the characteristic in question in the given race. A person 
of experience can tell from a glance at the variation polygon whether 
the race is in a condition of equilibrium so far as this characteristic 
goes, or whether it is breaking up into several forms, or is, perhaps, 
evolving into some other condition. The quantitative expression 
gives a means of measuring change of the mode from epoch to epoch 
which Weldon used in studying the crabs at Plymouth, and which 
enabled him to demonstrate a progressive change in form. It gives 
also a means of measuring the alteration of an organ in different en¬ 
vironments, and so of estimating the effects of changed external con¬ 
ditions. Thus it has been shown that the modal number of ray flowers 
in the ox-eye daisy depends upon the conditions of nutrition in the 
soil; the chela of the male crab, Eupagurus. is relatively smaller in 
deep water; the mud-snails, Nassa, of brackish water are depauperate. 

Again, mathematical methods have given us a measure of the corre¬ 
lation between organs, so that, the exact relation between human 
stature and the length of a long bone being known, the stature of ex¬ 
tinct races may be calculated from a collection of disinterred femurs. 
Pearson has been able to show that there is no correlation between 
shape or size of the head and intelligence, and to demonstrate the 
efficiency of vaccination and the non-inheritableness of cancer. The 
opinion that various bodily characteristics are bound together has 
been substantiated by studies in the correlation of all sorts of organs 
in plants and animals and the degree of t his corrclat ion measured. This 

There is also one journal devoted exclusively to biometry. Biometrika, published 
in London and edited bv Pearson, Weldon, and Davenport, with the advice of 
Francis Galton. 
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index of correlation measures the degree of morphological kinship or 
of physiological interdependence. Symmetry gains a quantitative 
expression, and it is interesting to find that originally non-symmetrical 
organs which have secondarily gained antimeric relations — as in 
animals that habitually lie on one side — gain a very high index of 
correlation. Thus I find in the scallops (Pecten ), which are lamelli- 
branchs that have come to lie on the right side, the index of correla¬ 
tion between the dorso-ventral and antero-posterior diameters is 
97 per cent, whereas the correlation between the breadths of the 
right and left valves is only 86 per cent. As heredity is only one 
phase of correlation, the inheritance of characteristics can, by the 
new methods, be exactly measured. It is demonstrated that there is 
such a thing as prepotency of one parent, and that heredity is weak¬ 
ened by change of sex. It is shown that mental and physiological 
characteristics are inherited exactly like morphological characteristics: 
and that the relationship between the leaves of a branch or the zooids 
of a colony is like that between brothers of a family. We learn that 
all inheritance is not all of one kind; that certain characteristics, 
like stature and skin color, blend in the offspring; while others, like 
the coat color in mice, refuse to blend, and may be inherited according 
to Mendel’s law. 

By mathematical analysis the selection of particular characteristics, 
or those of a particular degree of development, has been demonstrated, 
and the exact effect of the selection process upon the frequency poly¬ 
gon has been made clear. Extreme variants are often annihilated, 
although in other cases the position of the mode is shifted. Finally, 
through quantitative studies the existence of local races has been 
clearly proved — the degree of their differentiation and its depend¬ 
ence on environmental conditions has been measured. It has been 
shown that a characteristic does not remain the same in all localities 
and under all conditions, but may become slightly altered. This fact 
speaks strongly for the contention that new species may in some 
cases have arisen by the summation of infinitesimal differences — 
that not all evolution is by mutation. 

In concluding this address I am impressed by the fact that to-day 
any science ramifies in all directions toward every other. There can 
be no doubt that the most fruitful work in any science is to be done 
in the border-line between it and some other science. There is another 
corollary to this close interweaving of the sciences, and that is that 
the existing classifications have become antiquated. Our university 
«lcp:.rir-.ents. our societies, and our journals still, for the most part, 
draw the old lines. Yet the true work of science has. I apprehend, 
ov^*;~ n • I lie barriers of these classifications, and the best workers 
will in the immediate future be no longer botanists, or zoologists, or 
chemi.’-s.or mathematicians, but will be interested in particular sub- 
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jeets, — in following some favorable lead into the unknown. The 
embryologist who is interested in processes, the cytologist who is 
interested in the fertilization of the egg, will feel free to work on any 
material, whether plants or animals or crystals or colloidal mixtures 

_and by any methods that seem likely to be of aid to him. And I 

hope to live to see the day when our now overgrown zoological and 
botanical societies shall languish while groups of men devoted to a 
common subject and investigating it with the most diverse material 
will meet together to discuss results of common interest. When a 
subject no longer demands vigorous investigation, and the centre of 
activity is shifted elsewhere, I should like to see the old associations 
abandoned and new ones formed to advance the newly risen problems. 
Our large societies are a hindrance, I sometimes think, rather than 
a means of advancement to science. We want smaller meetings with 
more acute interest. And, finally, I cannot but remark on the vast¬ 
ness of the preliminary training which the present ramifications of 
every science make necessary. Research in the fields between the 
old sciences has rewards for the investigator, but he who would reap 
those rewards must prepare himself through years devoted to gaining 
the mastery of many sciences. 
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Almost forty years ago, on the occasion of a great international 
manifestation of human thought such as this in which we are con¬ 
vened at the present moment, in his report concerning the progress 
of physiology 1 presented to the Universal Exposition of Paris in 
1S67, the illustrious Claude Bernard tried to show that the sciences 
should be separated into two classes: one, including astronomy 
and the natural sciences, sciences of contemplation and observation, 
which should tend only toward the prevision of facts; the other, 
in which he placed physics, chemistry, and physiology, which alone, 
ho said, are the explanatory, active , and nature-conquering sciences. 

This kind of contrast established between the sciences of nature, 
to the laws of which we submit passively, and those in which the 
activity of man intervenes is the reiterated but considerably improved 
expression of the opinion of the philosophers of the seventeenth 
century, especially of Thomas Hobbes, who in his book, the Leviathan, 
expressed it in these terms: “The Register of Knowledge of Fact 
is called History. Whereof there be two sorts; one called Naturall 
Ihstnry : which is the History of such Facts, or Effects of Nature, 
as hart no Dependance on Mans II "ill; Such as are the Histories 
of Mi fails. Plants. Animals. Regions, and the like. The other is Civill 
History; which is the History of the Voluntary Actions of men in 
Common-wf ..hits.” 

- ,: ' u B-ninnl. Rnpport sur le progris ile la Physiologic generate cn France 
p. 13_, and Revue dcs cours scientifiyucs (1869), p. 135 ct passim. 
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In conceding to the sciences of nature the power to predict facts, 
Claude Bernard gave them, at least in appearance, a very wide 
range; for what constitutes the essence of a science, as had been 
recognized already by Locke, is prevision of the future, and one 
may repeat with W. Ostwald, “The greatest leaders of man have 
been those who saw most clearly into the future.” 1 

But if we seek to understand better the thought of the great 
French physiologist, we soon realize that the r61e of contemplative 
observer attributed by him to the morphologist is very modest 
in comparison with the far more exalted part which he proposes 
to reserve for the sciences called experimental or nature-conquer¬ 
ing. 

It is to these the duty comes at the same time to foresee the 
events at will and to create them at need: for the observer con¬ 
siders phenomena in the state in which nature offers them to him; 
the experimenter causes them to appear under the condition of 
which he is master. The naturalist is a describer; the physiologist 
is a creator. 

Debatable at the time it was advanced, and, in fact, soon debated 
by men of great ability, the division of the sciences proposed by 
Claude Bernard was not able to resist the progress of ideas, so rapid 
at the close of the nineteenth century. 

It rested in great part upon a misunderstanding of the conception 
of the word experience, to which we saw fit to give, as we shall see 
later on, a less restricted significance than that of the school of 
Magendie and of certain physiologists to-day. 

Furthermore, to those who may desire to see in this discussion 
something besides a question of a word and a change of labels, it 
will be easy to reply directly by the history of the conquests due 
to morphological studies since the middle of the last century. 

Especially in the new and so little known domain of cytology 
can it not be said that all that we know concerning the fundamental 
question of cell-division is the fruit of the efforts of the morpho¬ 
logists, that the methods employed by the histologists to elucidate 
the problem of cell-division go far beyond simple observation, and 
that they have required as much persevering ingenuity, as much 
technical skill and accessory knowledge, as any experiment in pure 
physiology involves? 

The triumph of the doctrines of Lamarck and Darwin, the splen¬ 
did intellectual movement aroused even as early as 1857 by the 
publication of the Origin of Species, the controversies of all sorts 
aroused by the theory of modified descent, soon began to overthrow 
the views of naturalists and to assign a new significance to mor- 

1 Wilhelm Ostwald, The Relation of Biology and the Neighboring Sciences (Uni- 
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phological researches, as to the work assignable to other branches 
of biology. 

Natural history was able in its turn to aspire to the title, explana¬ 
tory and nature-conquering science. And if this transformation of 
opinion does not occur more promptly and more nearly simultane¬ 
ously in all countries of high scientific culture, the fault is largely 
that of the naturalists themselves, for their obstinacy in preserving 
ancient dogmas, for their defiance of valuable ideas for which the 
authors have been ignored at first in their own country. 

So long as biologists obstinately support the view of Cuvier and 
of R. Owen that vegetable and animal species are immutable and 
that the supreme end of science is classification, it is evident that 
the history of living beings can be only the exact description of 
their external form and of their internal structure in the adult and 
in the larval states, the comparison of these forms and of these 
structures, the study of the habits, that is to say, the relations 
of the organisms among themselves and to the environment, the 
distribution of these organisms over the surface of the earth con¬ 
sidered as the result of caprice or of the intelligence of an omnipo¬ 
tent Creator. Outside of their practical applications (the utilization 
by man of animal or vegetable products), natural history yet can 
give enjoyments similar to those that we experience at the sight 
of an object of art, of a kind, however, of which the technique 
escapes us, and of which the results remain for us an inexplicable 
enigma. 

But the point of view changes entirely, if in the place of con¬ 
sidering creation in a static state as a whole, thenceforth immut¬ 
able, we consider it from the dynamic point of view; if we no longer 
study the natura naturata , but the natura naturans, in seeking to 
discover the relationships of living beings, and to unravel the com¬ 
plicated processes by which forms and organisms are determined 
and related to one another; if we cease to admire devotedly the 
harmonies of animals and vegetables either among themselves or 
with the surroundings which environ them, and to hold to the 
childish finality of which Bernardin de St. Pierre has given us the 
most perfect expression; if, in a word, we abandon the anthropo¬ 
centric method in order to seek to explain how these harmonies 
gradually became established or modified as the conditions of the 
environment in which they were realized were being established 
or modified. 

Even as early, as 1S77 at the congress of German physicians and 
naturalists which met that year at Munich, one of the first and most 
ardent protagonists of the Darwinian doctrine. Ernest Haeckel, could 
proclaim with entire justice: “By the theory of descent, biology 
in general, and especially zoology and systematic botany, are truly 
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raised to the rank of natural history, a title of honor which they 
have borne for a long time, but which they merit only in our day. 
If these same sciences still are often designated, and that even 
officially as descriptive natural sciences in contrast with the ex¬ 
planatory sciences, this proves that a false idea exists even at 
present of their true significance. Since the natural system of 
organisms is regarded as the expression of their genealogical tree, 
taxonomy, so dry in its descriptions, makes a most vital place in 
the history of the genealogy of classes and of species.” 1 

A still more important consequence resulted from these new 
conceptions. The theory of descent introduced into the biological 
sciences a unity of view, a community of end, which established 
among them the closest relations of mutual dependence and sup¬ 
pressed all futile questions of supremacy or of precedence. Indeed, 
whatever were the methods employed, deduction or induction, ob¬ 
servation or experiment, anatomy, physiology, ethnology, geonomy, 
taxonomy, paleontology, all these parts of a whole thenceforth 
indivisible should tend to the realization of the same programme: 
to retrace in a manner as exact and as complete as possible the 
history of the manifestations of life upon our planet, while leaving 
to the metaphysicians and to the poets the business of seeking the 
earliest origins or of celebrating the finalities. 

A hasty glance will permit us to appreciate what results have 
already been obtained by this concourse of converging efforts and 
what hopes we may conceive for the future, when, extending its 
frontiers, biology shall benefit by the progress of science, with 
which thus far it has had only too distant relations. Thus, while 
the old branches of morphology rejuvenated and vivified will cover 
themselves with a new foliation, we shall sec develop about her 
new branches swollen with an abundant and vigorous sap: cylologv, 
promorphology, tectology. experimental morphology (or I he crea¬ 
tion of forms by the action of primary factors), genesiology, bio¬ 
metry, etc. 

But the very fact of the direct dependence of these different parts 
of the science, their mutual interferences, the complex of causes 
which have presided at their birth and over their evolution, fre¬ 
quently render this exposition difficult and at times perhaps ob¬ 
scure. 

I may be permitted to excuse myself in advance and to claim 
all the indulgence of my audience if I have not always succeeded 
in finding the lucidus ordo that the Latin poet claims. You will 
kindly excuse me also for often having given a dogmatic and aphor- 

1 E. Haeckel, The Theory of Evolution in its Motion* urith Natural Philosophy. 
Congress of German Naturalists in Munich (Itci-ue Scrcntifaue, December H, 
1877. p. 531). 
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istic form to the propositions for all of which the evidence is perhaps 
not sufficient. A more complete demonstration would have required 
the lengthiness that I have insisted on avoiding. My conviction, 
too decisively and perhaps too strongly expressed, is based in every 
case upon mature reflection and upon the experience of long years 
of study. 

Certainly the change of orientation introduced into the natural 
sciences by the transformation theory does not detract from the 
positive value of the results previously acquired by the purely 
descriptive method, and we cannot overlook the materials slowly 
accumulated by our predecessors. We can continue to proclaim 
accord in this matter with Cuvier: “La determination precise des 
espfcces et de leurs caractfcres distinctifs fait la premiere base sur 
laquelle toutes les recherches de l’histoire naturelle doivent 6tre 
fondles; les observations les plus curieuses, les vues les plus nou- 
velles pcrdent presque tout leur mSrite quand elles sont d£pour- 
vues de cet appui; et malgr£ l’ariditl de ce genre de travail, c’est 
par \b que doivent commencer tous ceux qui se proposent d’arriver 
& des r6sultats solides.” 

A great number of naturalists devoted to the systematic study 
of morphology received the idea of the variability of species with 
mistrust, thinking that this idea undermines the principles upon 
which their science of predilection rests. Events have not been slow 
in proving that these fears were chimerical. In order to demon¬ 
strate scientifically the reality of variations often very slight at 
first, it was necessary to be more precise than formerly, and some¬ 
times even to give minute descriptions of the forms under discus¬ 
sion. The preservation of types in collections and museums, their 
graphic representation and their careful comparison with related 
species became more and more prominent, and certainly the ad¬ 
vances of systematic natural history have been strongly stimulated 
by the disputes of the partisans and the adversaries of the theory of 
descent. 

The study of new forms, the search for intermediate types, abnor¬ 
malities, mutations, local varieties, no longer have as their sole 
purpose the satisfaction of a vague feeling of curiosity. The know¬ 
ledge of slight modifications of structure, of slight steps in normal 
morphology, have become precious elements for the construction 
of phylogenetic trees. 

Natural classification, instead of being a subjective entity, variable 
with the conceptions peculiar to each systematist, is now presented 
to the mind as an objective reality: the genealogical history of 
living beings of which we can already conceive a general plan, very 
impeded undoubtedly, but for the establishment of which all later 
discoveries should cooperate. 
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The works of specification have a higher end, a role not only of 
description but also of prediction and origination; they rise a step 
in the scale of human knowledge. Their interest then becomes much 
more important. 

And this interest is not limited to the science of beings actually 
living, it extends to the study of extinct forms hidden, in a petrified 
state, in the depths of the earth. 

Paleontology opens before us as a gigantic collection of archives, 
and despite the regrettable gaps which the future undoubtedly 
will more and more fill up, it furnishes us the most precious docu¬ 
ments for the retracing of the ancestral lines of plants, of animals, 
and of man himself. Veritable mtdailles de la creation, the fossils 
enable us to reconstruct upon firm foundations the natural history 
of living beings in the exact sense of the word by methods analogous 
to those that brought into use history, properly so-called, as the 
sociologists and philosophers understand it. 

From this moment paleontology forms with zoology an indis¬ 
soluble whole and these two divisions of morphology reciprocally 
furnish cooperation. But zoology is incomplete. Despite the efforts 
of generations which preceded us we are still far from knowing all 
the living beings which actually exist on the surface of the earth. 
Paleontology has given us only very rare indications, if we consider 
the great number of organisms which have disappeared without 
leaving permanent traces (protoplasmic beings which lack a skele¬ 
ton or which have a slightly resistant skeleton, etc.), especially if 
we think of the difficult and rarely realized conditions which were 
necessary to assure the fossilization and the preservation of animals 
through all the vicissitudes of the earth’s surface. Many of these 
gaps in the morphological series are in course of disappearing or will 
disappear little by little, thanks to the more effective methods of 
investigation which we possess, thanks also to the progress of phys¬ 
ical geography and to the more intensive study of the countries 
thus far unexplored. 

Geonomy, or the study of geographical distribution, also, is 
greatly illuminated and simplified by the doctrines of transforma¬ 
tion. The actual distribution of animals and plants should no longer 
be considered as the result of chance or of a directive principle which 
replaces the old creations by new ones just as one sees the scene 
change in the theatre each time the curtain rises. 

A causal connection exists between the past and the present. 
Paleontology indicates to us those portions of the earth in which 
we should seek forms with archaic characters, and geonomy in turn 
enables us to divine the changes of the earth’s surface and reveals 
to us the distant causes for the suppression of animals which have 
already disappeared. 
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But still more than geonomy, a new science or rather an ex¬ 
ceedingly rapid development of a too much neglected branch of 
the science of morphology, should soon remedy the inevitable in¬ 
sufficiency of the actual zoological principles and of our paleonto¬ 
logical knowledge. 

So long as the naturalists were content to catalogue and to com¬ 
pare among themselves, after the fashion of a collector of arms or 
of objects of art, some of the many forms whose astonishing variety 
they admire as the fruit of the inexhaustible imagination of an 
infinitely ingenious Creator, it was to the adult states especially, 
considered as perfect, that they directed their attention. It was of 
little importance to them to know how the objects of their favorite 
passion were formed. With the exception of some rare precursors 
(Aristotle in antiquity, Malpighi, Swammerdam, Harvey, C. F. Wolff 
in a more recent period) the majority of biologists were not interested 
in the study of development. 

Even to-day, moreover, we find among the systematists a sort 
of vestige of this state of mind. Among a thousand entomologists 
how many are there who have the least interest in the collecting 
of caterpillars or the larva of insects? Of a hundred ornithologists 
how many deign to admit the nests or the young of birds into their 
collections? 

It is not the least service that the theory of evolution has ren¬ 
dered to biology that it has shown the importance and the necessity 
of embryological studies. 

It is only fair to recognize that the ground was prepared by the 
simultaneous development of other collateral branches of science, 
and especially by the progress of micrography and the advent of 
the cellular theory. 

However, we have the right to maintain that it is especially to 
a desire to verify in a new way the ideas of Lamarck and of Darwin 
that we must attribute the abundance and the perfection of em¬ 
bryological investigations pursued after J. Muller and von Baer, by 
Gegenbaur, Haeckel, Leuckart, Huxley, Loeven, Van Beneden, 
Agassiz, and others. 

By its continuity, by the dependence of its successive phases, 
by the causal nexus which determines them and the relations among 
themselves, the development of larva and of embryos, or in modern 
language, the ontogenetic series of embryological stages is marvel¬ 
ously fitted to illustrate the theory of modified descent by exam¬ 
ples which afford convincing evidence. 

. Undoubtedly even before the publication of the works of Darwin 
and the beautiful group of embryological monographs, of which 
we are about to speak, Serres had foreseen, by a kind of divina¬ 
tion of genius, the fruitful idea of the transitory repetition in indi- 
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vidual development of the forms which are permanently realized 
in the actual zoological series. But this idea could not be fully 
understood and bear all its fruits until it was completed and solidly 
demonstrated by Fritz Muller in his admirable little book Fur 
Darwin. 

From that time the triple parallelism existing between the zoo¬ 
logical series, the ontogenetic series and the paleontological series, 
appeared as a necessary consequence of the phylogenetic kinship 
of animals, and as the evident interpretation of their genealogical 
relations. Furthermore, as should happen in the application of all 
serious theories, the apparent exceptions due to abbreviations or 
to falsifications of ontogenetic evolution may be foreseen and ex¬ 
plained partly by the principles of the Darwinian doctrine: natural 
selection and the struggle for existence. 

It is then with good reason that the principle of Serres and of 
Fritz Muller has been called by Haeckel the fundamental bio- 
genetic law, if we give to this word law the meaning that we ordin¬ 
arily give it in experimental sciences, that of a general formula 
susceptible of sufficient verification and permitting us indefinitely 
to predict new facts. Rich in the works of Daubenton, of Haller, 
of Camper, of Pallas, of Vicq d’Azyr, comparative anatomy seemed 
to have received from the genius of Cuvier forever indestructible 
foundations. 

It could not escape, however, from the renovating action of evo¬ 
lutionary ideas. The problems that it always had in view, the ques¬ 
tions that it apparently had answered, soon reappeared in improved 
forms; Huxley, Gcgenbaur, Lcuckart were not slow to show us in 
what direction definite solution was to be sought. 

The pretended law of the correlation of forms (Cuvier), the prin¬ 
ciple of connections (Et. Geoffroy Saint-Hilaire), that of the balanc¬ 
ing of organs, the idea of the degeneration of types (do Blainville). 
the notion of rudimentary organs, etc., instead of being simple 
empirical formulas, became the synthetic expression of real and 
necessary relations between organisms related by consanguinity, and 
if they had not already been firmly established inductively, these 
conceptions could have been deduced as the necessary corollaries 
of the genealogical kinship of living beings. 

If we turn to the memoirs of the period and to the famous dis¬ 
cussion between Cuvier and Et. Geoffroy Saint-Hilairc concerning 
the unity of organic structure, a discussion in which Goethe followed 
the Peripatetics with so much passion that he concentrated the 
strength of his mind upon it to the neglect of the political revolution 
which occupied every one in 1830, we recognize with astonishment 
that neither the one nor the other of the illustrious adversaries 
appreciated the much greater significance the debate would have 
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acquired if it had taken account of the ideas that Lamarck had 
already supported for twenty years in the midst of the most general 
indifference of naturalists and philosophers. 

It appears, indeed, from numerous passages of the Philosophic 
anatomique, that Et. Geoffroy Saint-Hilaire himself saw in the unity 
of the plan of organization merely the expression of an ideal kinship 
and that he attempted to explain it, as has often been done more 
recently, by a comparison with the successive products of human 
architecture destined for similar uses. 1 

From the philosophic point of view, then, there was not an abyss 
between Cuvier and Geoffroy. Both were creationists, but while 
Cuvier admitted the plurality of types (realized at least to the 
number of four by the Creator), Et. Geoffroy Saint-Hilaire con¬ 
sidered the entire animal kingdom as the manifestation of a new 
unique thought developed according to an invariable plan in its 
chief lines, modifiable only in details. 

We appreciate, without the necessity of insistence on the advan¬ 
tage, what light is cast upon this question of the plan of organization 
by the theory of modified descent and the study of progressive 
adaptations of living beings to conditions which vary according to 
time and place. 

We appreciate also the precise and profound meaning which 
attaches to the previously vague notions of analogy and homology, 
the more recent ones of homomorphy and homophylv, etc. 

The convergence of forms under the influence of ethological 
factors (pelagic life, parasitic life, etc.) ceased to hide the true 
affinities and little by little caused the factitious groups introduced 
by what we might call the idola ethologica to disappear from the 
purified classification. 

The idola tectologica were more difficult to eliminate. The idea 


Here are a few very significant lines on the subject by Geoffroy: “ Dcs rapports 
que j’apercois entre des ruateriaux, lesquels revicnnent les memos pour composer 
lcs animaux, de ces donndes qui produisent une certaine ressemblance chez tous 
les Otres, tnnt & 1’intlrieur qu a 1’cxtericur, j'arrive a une deduction, & une idee 
generate qui comprend toutos ces coincidences; et si je les embrasse et les exprime 
sous la forme et le nom d’unite d'organisation. je ne me propose par la que de tra- 
duire ma pensde en un langage simple et precis; raais a'ailleurs je me garde bien 
de dire ce que j’ignorc. qu'une chose serait faiteavec intention a cause d’une autre? 
En definitive, je me crois, dans ces conclusions, aussi fondtfs en raison que si, voyant 
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ploi d’un autre grand nombre d’edifices. Une maison n’est point faite en vue d’une 
autre; mais toutes peuvent etre ramenees intellectuellement a l’unite de composi¬ 
tion, chacune etunt le produit de mat&iaux identiques, fer, bois, pl&tre . de 
mes..e qu]a I’unitt des fonctions. puisque l’objet des toutes est fealement de servir 
d’habitation aux hommcs ..." 

Et plus loin: “Toute composition organique est la repetition d’une autre, sans 
etre de fa t nroduite par le dfveloppement et les transformations successives d'un 
me me noyau. Ainsi il n arrive a pereonne de croire qu’un palais ait d’abord ete 

S5?^mAl^ abane i q, !K? ® ura ‘ tae 2 d . ue faire une maison, puis un h6tel, 

puis un edifice royal. (Et. Geoffroy Saint-Hilaire, Philosophic anatomique.) 
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of organic type, so important as we have come to see, has been 
obscured for a long time by the imperfection of our knowledge con¬ 
cerning individuality or rather concerning individualities of differ¬ 
ent orders. Among the composite animals especially, such as the 
sponges, the hydroids, the bryozoa, the synascidians, we have for 
a long time attributed an exaggerated taxonomic value to the 
cormogenesis, that is, to the mode of grouping of the individuals, 
while neglecting the real relations of kinship that the anatomy of 
these individuals reveals. It is not the least service rendered by 
E. Haeckel to biological science that he first attempted to fix the 
rules of this branch of morphology, which is like the architectonics 
of living beings and which has been called tectology. Especially 
among the metazoa, the tectological idea of the person, that is to 
say, of the original diblastic being (gastrula) which constitutes the 
most common mode of individuality, is an acquisition of inestim¬ 
able value. 

Foreseen by de Blainville and by Huxley, who deduced it from 
purely anatomical considerations, this idea was clearly established by 
Haeckel as early as 1872, thanks especially to the admirable embryo- 
logical investigations of Alexander Kowalevsky, investigations which 
proved the existence of the gastrula larva in all the groups of multi¬ 
cellular animals in which the development is explicit. 

Despite the recent attacks to which it has been subjected, the 
theory of the gastrula, properly understood, is established as surely 
as that of the homology of the blastodermal layers which is the 
immediate consequence of it. 

The rational application of the principle of Fritz Muller is suf¬ 
ficient to account for the difficulties offered by certain condensed or 
ccenogenetic developments and the objections presented by some 
authors who often hold to that which they have studied in only a vciy 
small number of types (sometimes one unique type), chosen by reason 
of practical convenience and without regard to the disturbances of 
ethological factors to which these types were subjected. 

The idea of an original form common to species but often pro¬ 
foundly modified by the influence of environment renders evident the 
folly of basing comparisons upon promorphology solely — that kind 
of crystallography or geometry of living beings. 

Such groups as those of the Radiaria or Radiata, ,the Bilateralia, 
etc., are purely artificial and inspired solely by the \dola promorpho- 
logica. 

The truth remains, however, that it would be very desirable to 
pursue further than has been done at the present time the promor- 
phological studies of which Haeckel has furnished the basis in his 
admirable general morphology. In this respect, as in many others, 
morphology is directly dependent on geometry and mechanics. There 
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is material for numerous problems of very vital interest for those 
who do not wish to content themselves with the easy but childish 
solution of final causes. 

“Voir venir les choses,” Savigny has said, “est la meilleure fagon 
de les observer.” Morphology, in brilliantly illuminating comparative 
anatomy, makes possible the rectification of numerous errors of tax¬ 
onomy and the better appreciation of the value of different taxonomic 
groupings. But at the same time that they aided in the advancement 
of normal morphology, embryological studies, extended to abnormal 
forms of development, demonstrated the great influence of the science 
of monstrosities or teratology. Soon, thanks to the patient investiga¬ 
tions of Dareste and to the abilities of Chabry and W. Roux in the 
artificial production of animals, teratology became an experimental 
science, and it was from that time easy to understand how in inter¬ 
vening in a more or less constant manner at different periods of onto¬ 
geny the cosmical or biological factors have gradually been able to 
modify the larval forms and indirectly the adult forms of living beings. 

As a result of the science of the habits and relations of living beings 
either among themselves or with the cosmical environment, ethology 
or bionomy, somewhat neglected since the time when Reaumur, De 
Geer, etc., cultivated it with so much success, gains a new interest and 
offers to every biologist a collection of experiments prepared by nature 
and of which it is necessary only to interpret the results. 

Is it not remarkable indeed to see the bionomy of the adult modify 
the development of the embryo so profoundly as sometimes to hide, 
in the course of evolution, the affinity which exists among related 
forms? 

Does not the vegetable or animal diet of a mammal, for example, 
follow as a consequence primarily of the state of perfection at birth 
and also of the abbreviation of the embryological processes, since the 
young are not sufficiently protected by their parents, whose rapid 
movements in search of nourishment or for the avoidance of an enemy 
they must follow? 

The animals which are fixed in the adult state, and especially para¬ 
sites, which early establish themselves upon the host and never leave 
it, necessarily have an explicit development, and the motile larva are 
provided with organs of sense which permit them to choose with care 
the resting-place where the greater part of their existence will pass. 
On the contrary, in pelagic beings, which early in life are exposed to 
a thousand dangers, there would be every reason why the progeny 
should be protected by direct, rapid and ccenogenetic development or 
be trustc ’ ' •» a strange nurse, as is the case with the copepods of the 
group '-'s 'xtnUidiF. Even evolutionary phenomena as complicated 
as those in the Colcoptcron. M chides, under the name of hyper- 
r.. morphosis. become easy of explanation if we view them in their 



PRESENT TENDENCIES OF MORPHOLOGY 269 

relation to bionomic conditions and as a necessary consequence of the 
life which their ancestors had to lead. 

Not less interesting, it seems to me, are the embryological pecul¬ 
iarities that I have brought together under the name “ poecilogonie." 
Two beings belonging to the same species as like as possible in the 
adult stage, so much alike sometimes that the eye of the best-trained 
specialist cannot detect the least difference between them, may pre¬ 
sent in the series of their ontogenetic stages and even in the ovarian 
form very marked differences, if their embryonic bionomy is not the 
same; if, for example, the environment has not the same chemical 
composition or if the season of development is different, or yet again 
if the biological conditions vary with the cosmic surroundings in 
the different habitats of a widely dispersed species, whence the terms 
poecilogonie gtographique , poecilogonie saisonnibre, etc. 

What is more astonishing than these curious experiments of mor¬ 
phology realized by nature, which I have formerly discussed under 
the name of parasitic castration? And however mysterious the 
modifying action of the indirect gonolome may be to us, is it not very 
instructive from the morphodynamic point of view to see this para¬ 
site, by action at a distance upon a host of determined sex, cause 
the appearance of the characters of the opposite sex even when these 
characters will have no value for the animal which possesses them? 
Finally, this notion of a morphological complex constituted by the 
host and its parasite acquires primary importance when we relate 
these parasitic complexes to the unstable biological equilibrium of 
homophysical or heterophysical complexes in more or less perman¬ 
ent equilibrium, realized either in the galls or in symbiotic forms 
such as the lichens, plants with mycorhiza, etc. 

At most the notion of complexes of different beings associated in 
harmonious symbiosis is only a generalization of what we observe 
in all multicellular organisms in the course of their evolution. 

As early as the middle of the eighteenth century C. Fred. Wolff had 
established upon a firm basis the theory of epigenesis. He showed 
that living beings do not develop, as had been thought, at the expense 
of a preformed rudiment, growing much as the image of an «» ject 
enlarges when examined successively with glasses of gradually in¬ 
creasing powers of magnification. 

The different organs of an animal are formations of a relative au¬ 
tonomy which work together in the construction of a whole whose 
equilibrium is not preestablished and whose plan may sometimes be 
modified during the course of construction. 

It is well understood that in respect to reciprocal dependence the 
different systems of organs vary considerably. Sometimes this de¬ 
pendence is very close, as when the appropriate functions of the 
organs are themselves very closely united, respiration and circu- 
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lation, for example. It can be much less close when it acts with 
reference to parts adapted to very distinct rdles, organs of locomo¬ 
tion and the digestive apparatus, or better the tegumentary system 
and the skeleton, etc. 

But the independence is especially great if we consider on the one 
hand the organs which subserve the life of the individual and on 
the other those which are destined to insure the perpetuation of the 
species. 

The soma and the gonads, to employ modern expressions which 
designate these two totalities, are in a certain sense two organisms, 
which are juxtaposed or incased the one in the other, whose devel¬ 
opment may proceed very unequally, although any modification 
effected in one has in general an influence upon the other. 

It is because of their reliance upon this notion fundamentally 
exact, but exaggerated and enveloped with a metaphysical atmo¬ 
sphere, that the partisans of the ancient theory of evolution (pre- 
existence and germinal localization, preformation of the embryo) 
have for a long time struggled against the ideas of C. F. Wolff. 

In following the same line of thought more recently, A. Weismann 
has sought to construct his well-known theories upon the assump¬ 
tion of the non-transmissibility of acquired characters. 

Finally, it is the same consideration which, when extended to the 
first phases of embryology, to different cellules of the morula and even 
to different regions of the unsegmented egg, has served as the basis of 
the mosaic theory of W. Roux, which has since been so ingeniously 
modified by E. B. Wilson. 

While adhering to the strict observation of facts easiest to verify, 
we shall call only that epigenesis which, in revealing to us the pos¬ 
sibility of a vital concurrence between the organs and even between 
the plastids which constitute multicellular beings, permits us to 
explain easily all the complex facts of evolutionary polymorphism; 
progenesis. n^otMe,dissogome,poecilogonie, and in general the curious 
peculiarities of development that since Chamisso and Steenstrup we 
have grouped under the very improper name of alternate generations 
or of geneagenesis (de Quatrefages). 

There is thus established a vast array of information which is suffi¬ 
ciently extended to constitute to-day a new branch of morphology 
which we may call genesiology. 

The object of genesiology is the study, both descriptive and experi¬ 
mental. of different evolutionary modes. 

In the preceding pages we have at different times spoken of experi¬ 
ments and of the experimental method in a sense different from that 
wlii h is often given to these words by the physiologists of the old 
school. This is the place perhaps to indicate the manner in which we 
understand the introduction of experimentation into the morpholog- 
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ical sciences and the results which may follow for the later develop¬ 
ment of these sciences. 

An experiment always necessitates the preliminary analysis of the 
phenomena by which the fact that one wishes to observe and if pos¬ 
sible to measure is conditioned. It assumes a hypothetical solution 
of which it will show the reality or the non-existence. Every experi¬ 
ment is then preceded by an induction and followed by one or more 
observations. The experimental method is always, as Chevreul called 
it, a method a 'posteriori. 

Experiment creates nothing; it has precisely the same value and 
the same logical significance as the proof of a mathematical opera¬ 
tion. 

For an experiment it is not necessary to demand, as some seem to 
believe, a complicated plan, a richly equipped laboratory and costly 
apparatus. 

It is necessary indeed not to confound the precise measure of a 
phenomenon which often is obtained by the aid of very delicate in¬ 
struments with the pure and simple establishment of a causal relation 
between one fact and the other facts which determine it, an establish¬ 
ment which is the basis of the experiment itself. Even if the fact were 
accidental, as the fall of the apple before the eyes of Newton, its de¬ 
termination may nevertheless become an experiment. And it is only 
the mind of the observer which will give it this character. 

Das ist ja was den Menschen zicret 
Und dazu ward ihm dcr Vcretand 
Dasz im innem Herzen spUret 
Was er erschafft mit seiner Hand. 

Where the unscientific person sees without interpreting and 
takes a purely contemplative attitude, the naturalist worthy of the 
name supplies the supposition of voluntary acts the action of wlu»c 
factors he wishes to study. 

An animal receives in the hunt or by some other accident a ball 
in the left side of the neck; the right side is paralyzed. If the fact 
is well determined and freed from all cause of error its voluntary 
reproduction in the laboratory would be only the verification of 
an experiment already realized. 

Not only does nature at present offer us, as we have said, nu¬ 
merous experiments, many of which are very difficult to repeat, 
but we may also 6ay that paleontology furnishes us experimental 
data of incalculable value. The arguments which it furnishes to 

transformational morphology are not, as is sometimes pretended, 
purely conjectural; the degree of certainty that they possess is not 
inferior to that in astronomy or in the other divisions of the phys¬ 
ical sciences whose objects are partly inaccessible to us. 
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Hilgendorf and Hyatt studied the different layers of the tertiary 
lake of Steinheim in Wurtemberg. They recognized that certain 
forms of Planorbis differing little among themselves in the deep 
layers (the oldest) 1 are separated little by little from one another, 
and finally, in the most recent layers, constitute species as reliable 
as any of those described in this genus of mollusks. 2 Is this a work 
of pure contemplation and description? Is it not manifest that 
the authors have reconstructed in their thought a gigantic experi¬ 
ment, and if they have not in their power the complete determination 
of this experiment, do they not at least possess sufficient elements 
to infer the evolution of the forms without determining the factors 
of this ev'olution other than the time-factor, the action of which is 
unexceptionable in this instance? 

Clearer and still more evident and in any case more in line with 
current ideas is the application of the experiment in the study of 
the Lamarckian or primary factors of evolution (cosmical factors, 
ethnological, etc.) 3 

Indeed it is especially by a return to the ideas of Lamarck that 
transformationism should cause morphology to progress more 
rapidly in the experimental path. 

Certainly the conceptions of Darwin were in many respects justi¬ 
fied by experiment, even in the strictest sense of the word, and 
Darwin has proved it himself by his beautiful investigations con¬ 
cerning self- and cross-fertilization and concerning climbing plants 
and carnivorous plants, etc. But it is necessary to recognize how 
many experimental verifications relative to natural selection, to 
heredity, demand conditions rarely realized, a length of time which 
renders them easy of accomplishment only by a group of persons 
(societies of scholars), or necessitate large resources which most 
investigators cannot command. 

Apart from some brilliant exceptions concerning whom we shall 
have occasion to speak later, the disciples of Darwin who have 
followed most closely the tendencies of their master have under¬ 
stood experimentation in the very large sense that we give to this 
word as applied to a great number of investigations relative to 
secondary factors. 

The importance of the study of primary factors in evolution did 
not escape Darwin, but, excellent observer though he was, he was 

1 V’liy four olilost forms were the uncertain varieties of the same species: 

Ph inrli * lac vis. 

- 77:. Genesis of the Tertiary Species of Planorbis at Steinheim, Proceedings of 
flie By- >n JvKrioty of Natural History. 1880; and Transformations of Planorbis at 
Stein If m, American Naturalist, 1SS2. p. 441; also Stearns, Proceedings of the 
Academy of Natural Sciences, Philadelphia, 1881. 

to convince us of this, it is only necessary to examine the two benutiful 
voium vtrntly published bv C. B. Davenport under the title, Experimental 
■orplw ■ ;;; ^New\ork, lS97-99», in which we shall find an excellent resumd of 
v.nat has thus far been attempted in the study of the primary factors. 
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undoubtedly dismayed by the complexity of the role of these factors 
and did not attempt to disentangle the mechanisms which give rise 
to the numberless variations of living beings. 

These variations exist. He indicates them, and, without refer¬ 
ring them to their immediate causes, attempts first of all to show 
that they may be so determined as to constitute races, then new 
species. 

Darwin had read Mai thus; he recognized the law of a division 
of labor borrowed by H. Milne-Edwards from political economy; 
he found that the method of the sociologists was good, and that in 
a science which was complicated and still young, as was biology, 
one might employ the methods in use equally in meteorology, in 
statistics, etc., in resting upon the law of great numbers without 
seeking to discover distant causes and to penetrate to the essence 
of the phenomena. 

Thus he showed the importance of selection for the fixing of 
acquired characters when they offered some utility in the life- 
struggle and thus assured the survival of their possessor through 
a better adaptation. 

But he did not seek to establish in each particular case the 
exact determination of the appearance of indifferent or advan¬ 
tageous varieties. Perhaps he was deterred from this path by the 
failure of his eminent predecessor, Lamarck, in the energetic effort 
which he had made to explain in terms of surrounding conditions 
(acting directly or indirectly by the creation of new needs) the 
gradual modifications of living beings and the transformation of 
species. 

We must not forget, also, that at the outset of the nineteenth 
century, and even at the moment when the Origin of Species ap¬ 
peared, the state of the physical and chemical sciences did not 
permit of successful approach to most of the problems of external 
physiology, the search for the solution of which had been important: 
chemical investigations determining variations of color, the influence 
of different kinds of radiations, the morphogenic action of saline 
solutions, of osmosis, etc. 

However satisfactory they may have been for the mind, and 
despite the enormous progress that they had wrought in morpho¬ 
logy* the ideas of Darwin began to appear insufficient; we may 
even believe for a moment that the exaggerations of some of the 
disciples of the master merely compromised the triumph of the 
doctrine and led thought back toward the finalistic explanation of 
the ancients, now learnedly resuscitated under the name of neo¬ 
vitalism. The words natural selection, mimicry, convergence, 
heredity, and others like them, which in the thought of Darwin had 
only a provisional value, became for the philosophers and even for 
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certain biologists, convenient formulas which served to mask the 
ignorance in which we most frequently find ourselves in regard to 
the immediate cause of variation. 

Nevertheless, when in 1880 he published his very suggestive little 
book, Die Existenzbedingungen der Thiere, Carl Semper already 
attempted to lead back the naturalists to the study of primary 
factors. To the experiments of rare precursors concerning the mor- 
phogenic influence of change of alimentary regimen (Hunter, Ed- 
mondstone), of the modifications of salinity of the water (Smanke- 
vitch), of heat, of light, etc., he added original researches concerning 
the best conditions for crossing and for the reproduction of Lim- 
naea, and especially he brought together into a volume which, 
although limited, was very complete in its content for the period, 
an enormous mass of biological observations, many of which have 
exactly the same demonstrative value as the best laboratory ex¬ 
periments. Since then, investigations of this sort have been under¬ 
taken with enthusiasm on many sides and especially in America. 
The impulse is given and we may rest assured that the movement 
will increase in force as the parallel advances of physics and chem¬ 
istry permit of the application of greater precision in these studies 
and of access to certain questions which up to the present seemed 
inaccessible. 

The opening-up of new scientific fields such as physical chemistry 
and bio-chemistry will soon furnish us means for taking up success¬ 
fully the work which Lamarck was able to trace only in its general 
outline. 

The dependence of morphology in its relation to the physical 
and chemical sciences is still more manifest in that branch, so new 
and so full of promise, which we know under the name of cytology. 

Although the cellular theory, already sketched by Malpighi, 
had been completely formulated by Raspail (1835) and by Schleiden 
(1838) for plants, then by Schwann (1839) for animals; although 
Virchow about the middle of the last century had proclaimed his 
celebrated aphorism omnis cellula e cellida , it is only during the 
last twenty years that cellular morphology and cytology have 
attained a wonderful development, thanks to the investigations 
of Van Beneden, of Strasburger, and of a brilliant group of young 
biologists. 

The history of this magnificent structure, its general plan and 
it? details, have been very exactly retraced in a work already class¬ 
ic ., The Cell in Development and Inheritance , published as early 
:*.s 1896 by E. B. Wilson, one of the able investigators who with 
O. and R. Hertwig, Boveri, Maupas, Guignard, etc., have most 
— cively contributed to its construction. But how laboriously this 
difficult work has been prepared by the numerous improvements 
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of microscopical technique due to Leydig, Ranvier, to Max Schultze, 
to Flemming, etc. 

And these improvements in their turn have been made possible 
of attainment by the advances of chemistry and especially of the 
chemistry of dyes (the anilin dyes in particular). Despite the em¬ 
pirical and crude way in which we make use of each new con¬ 
quest of the physical and chemical sciences, despite the existence 
of methods, which are still imperfect, such as those of Golgi, of 
Cajal, and of Apathy, what morphologist would be blind enough 
to deny the importance of the new data which we owe to technical 
processes of which the theory is very often unknown to us? But 
chemistry has rendered us services not less important in enabling 
us to penetrate into the finer structure of the chromatin substance 
and of the albuminoids in general. In this fruitful way, which Robin 
had already attempted, but which has been opened to us by Schut- 
zenberger and by Kossel, cytological morphology will certainly 
find the key to many of the enigmas which arrest it at the present 
time. And what progress shall we not be able to attain through 
the chemistry of colloids of which our present chemistry is, in a 
fashion, only a special case. 

That cytological morphology should be contributed to equally 
and in large measure by physics and especially by optics, is too 
evident to be necessary to insist upon. I desire only incidentally 
to make a remark which will show what influence scientific studies 
which are very dissimilar in appearance may have upon one an¬ 
other. 

There is no doubt that the perfecting of micrographic apparatus, 
and especially of immersion objectives, has been due in such large 
measure to the desire of the constructors to satisfy a clientage 
which is special and sufficiently large in certain countries, namely 
the collectors of diatomes, that these amateurs, sometimes unjustly 
disdained by those who wish to establish air-tight partitions between 
scholars of different orders, have indirectly rendered great service 
to pure histologists and to those who study the most delicate pro¬ 
blems of cytology and of cytogeny. 

The bacteriologists, while aiming at a very different and much 
more practical goal, have contributed still more than the diatomists 
to the perfecting of our micrographic equipment in extending to a 
new class of investigators, the pathologists and clinicians, the daily 
use of the microscope. 

And in this domain of pathological anatomy we again see pro¬ 
duced these very fruitful interactions with the science which more 
especially interests us. The study of tumors, cellular teratology, 
at the same time that it is illuminated by the facts of normal cyto¬ 
logy, furnishes us with very suggestive views concerning the signi- 
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ficance of chromatin reduction and of its unexpected connections 
with the new phenomena of the first embryological phases (Borel, 
Moore, and Farmer). 

The idea of phagocytosis, studied by Haeckel in the biology of 
the protozoa, by Rouget in the examination of the leucocytes of the 
blood, increased in value and importantly developed by Metchnikoff, 
who made many applications of it in the domain of pathology, has 
come by a most fortunate turn of events to elucidate certain of the 
most obscure of the morphological phenomena of embryology, the 
ccenogenetic processes of ovogenesis and of metamorphosis. 

For a long time the introduction of the mathematical sciences in the 
domain of morphology has been regarded with suspicion; it seemed 
dangerous indeed to wish to bind by very simple formula) facts so 
complex as those studied by zoologists and botanists. 

Little by little, however, the necessity of determining by precise 
measures the extent of variations due to primary factors and of 
seeking to find the laws of these variations has made itself felt. Among 
t he first Delboeuf attempted not without success the application of 
algebra to the problem of the formation of races. But it is especially 
to Galt on and to his school that the most important of the works of 
mathematical biology and biometry are due. 

Whatever be the character to which we give our attention, if we 
consider a great number of specimens of a given species we recognize 
that the individual variations (continuous or fluctuating variations) 
of this character, numerically expressed, do not exceed two extreme 
limits which are reached by a very small number of the individuals. 
Between these two extremes there is a constant mean variation with 
the greatest number of observed specimens. It results, that if we 
take as abscissa the lines which represent the extent of the fluctua¬ 
tions and as ordinates the distances corresponding to the number 
of individuals which present a certain fluctuation, we obtain a curve 
which Quetelet called a binomial and which is in reality only a curve 
of probable error. Wc also often give to these curves the name 
Galton’s curves, because of the very extended use that this eminent 
biologist made of them in the study of the question of heredity. 

By artificial selection breeders and horticulturists succeed in dis- 
placing more or less rapidly the apices of the Galtonian curves and 
in directing fluctuation in the way they desire. Natural selection 
does not operate otherwise for the modification of the form of species 
and it i' to this act ion that Darwin attributed in great part the trans¬ 
formation of species. 

.li'aco. more especially, considered selection as the sole factor 
determining the evolution of living beings. 

1 1 was reserved for Hugo de Vries to show through long and delicate 
cuit xperiments. the exaggeration into which the immoderate 
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disciples of Darwin (Romanes, Weismann) had fallen. 1 Guided by 
his earlier studies concerning the Galtonian curves and impressed 
with the constancy of certain forms, such as the species described 
by the botanist Jordan, whose origin was difficult to explain by fluc¬ 
tuations, De Vries supposed that after periods of relative fixity during 
which they are subject only to fluctuating variations, living beings 
may pass through shorter periods when their forms are abruptly 
modified in different directions By discontinuous changes. 

Biologists clearly recognized this kind of variation in what they 
call sports. De Vries has called them mutations and he has shown the 
importance of mutability especially in the study of a biannual plant, 
(Enothera Lamarckiana, an American species introduced into Europe, 
especially into many- localities of the Low Countries. From 1880 to 
1899 each year De Vries has planted in the botanical garden at Am¬ 
sterdam from 15,000 to 20,000 seeds of this plant. Besides thou¬ 
sands of normal individuals, his cultures have produced seven new 
types, represented each year by a variable number of individuals and 
capable of reproducing themselves by seed with great regularity. 
Among the 50,000 (Enothera plants that he has observed during ten 
years De Vries has counted 800 that might legitimately be called (Eno¬ 
thera Lamarckiana, but which are divided as we have just said into 
seven groups, to which it was fitting to give the systematic value 
of subspecies, as the botanists would not have failed to do if these 
plants had been found in the fields where their origin was not known. 

A great number of biologists have believed that they found in the 
splendid studies of De Vries unanswerable arguments against the 
theory of selection. It is impossible for me to share their opinion. I 
should say even that in examining the question closely and in penetrat¬ 
ing to the bottom of the matter, it is impossible for me to find in the 
theory of mutations anything except a useful complement of the La¬ 
marckian and Darwinian doctrine of continuous variation. 

As the economist Bastiat has said, in all complex phenomena where 
multiple causes intervene in different ways, there is that which we 
see and there is also that which we do not see. 

What we see in a mutation is the abrupt and sudden appearance of 
a character which did not previously exist, but this character is only 
the sudden manifestation of a state which has been prepared very 
slowly in the ancestors of the individuals in which it appeared. In 
order to obtain a chemical reaction, in order to cause the color of a 
liquid to change, it is often necessary to add the reagent drop by drop, 
until an instant when all at once the reaction occurs and the new 
color appears. The mutation is the result of a new state of equilibrium 
in the varying organism. All the individuals in which this new equi¬ 
librium appears are in a different state internally from that of their 
1 H. de Vries. Die Mulalionstheorie, Leipzig, 1901-03. 
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ancestors, they are in internal fluctuation and it is this that we do not 
see. 1 

If modifications should be produced in the veins of an insect’s wing, 
for example, it is impossible that these modifications should express 
themselves otherwise than by a new mechanical disposition constitut¬ 
ing in relation to the preceding a sudden variation in the disposition of 
the cells and of the veins. In the same way, the appearance of a new 
vertebra or of a new metamere in an animal whose metamerism was 
fixed could occur only in discontinuous fashion and not by infinitesi¬ 
mal fractions of a vertebra or of a metamere. The fact that mutations 
always appear in limited number (seven in the case of (Enothera 
Lamarckiana ) shows clearly that a certain number of positions of 
equilibrium are in question, among which there are no realizable 
morphological transitions, and of which some seem difficult to obtain. 
Of the seven species of (Enothera , a single one, (Enothera gigas, has 
proved robust. The others are for the most part very weak, and de¬ 
mand much care in order to flower and to mature their seed. Often, 
indeed, there are only two possible equilibriums; this is true in the 
case of dimorphism or ditaxies of colors, to use the language of Cou- 
tagne, so common in plants, in mollusks, in the lepidoptera, etc. 

In reality, as I wrote a dozen years ago, while fluctuations may be 
compared to gradual oscillations from one side to another of a mean 
position, mutations represent so many states of stable equilibrium 
among which continuous passage cannot be established. The inter¬ 
mediate forms of these states of equilibrium are not explicitly real¬ 
ized because they do not correspond to sufficiently stable states. The 
following trivial comparison will serve to render my thought easier 
of apprehension: we cannot rise a half or any fraction of a step of a 
stair. In such cases progress is necessarily discontinuous, or, what 
amounts to the same, is manifested only in a discontinuous manner. 
But we cannot adduce from these facts any argument against the 
formation of species by natural selections; there is all the more reason 
why it is not necessary to seek the unique and complete solution 
of the very complex problems of transformation. 2 

1 A botanist whose original researches concerning variation in plants have not 
attracted sufficient attention. A. T. Carridrc, made an ingenious comparison in this 
connection: 

‘‘Nous pouvons,” he says, “afin de nous representor le double effet, Teffet lent 
et 1 effet brusque sous lequel se montre le dimorphisme (ce que nous appelldrions 
aujourd’hui une mutation ditaxique) supposor unc horloge A secondes aont on ne 
verrnit que le cadran. I)ans ce cus. 1'efTet continu mais lent, nous serait repr6- 
sente par le balancier, qui, bien que nous ne le vovions pas, ne s'arrfte cepenaant 
jamais, et 1’effet brusque ou intermittent par cliaque saut quo feraient les ai- 
guilu-s, saut qui cst la rlsultantc d une action incessantc tellement lente qu’elle 
n « sf point appreciable & nos sens et qui ne se manifesto d’une maniere sensible 
on.- lorsqu il y a une certaine quantity de forceaccumul6e.” A.Carricre, Produc- 
'<<./> «' ft cation des vari' tis dans les r<g<tauT, Revue horticole, note *12, p. 71, Paris, 

A. r.iard. Sur mi excmplairc de Plcrodcln pedicularia L. a nervation double men! 
a normal' . de la Social 6 Scientifique du Chili, iv, p. 21, 1S95. 
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Besides, as Darwin has never denied the existence and the import¬ 
ance of mutations, which he called single variations, so from his side 
De Vries has never sought to destroy the theory of selection. 

Instead of operating slowly upon fluctuating individuals, it acts 
upon species in process of formation. The struggle for existence 
exists among mutations and among the forms from which they 
proceed, as W. Hubrecht has very correctly observed in the clear 
analysis that he has recently given of the ideas of his compatriot: 
“Far from having undermined Darwin’s Darwinism, De Vries has 
completed, purified, and simplified it,” and only those think otherwise 
who combat Darwinism for other than scientific reasons, and at the 
bottom of their hearts wish much evil to the demonstrations of De 
Vries and to all other possible forms of the theory of evolution.* 
Another interesting application of mathematics to the morpho¬ 
logical sciences is presented by the study of hybrid forms. The laws 
of Mendel, recently verified by De Vrie$, Tschermak, Bateson, etc., 
carry the calculus of probability to the furthest limit. It will be 
useless to insist longer upon the numerous and important problems 
relating to morphological heredity whose solution depends on the 
rational study of numerical data which are as numerous as possible. 

From all of these considerations we deduce at present a conclu¬ 
sion of remarkable generality; to wit, that the natural laws of evo¬ 
lution seem to enter into the movement toward physical laws which 
has manifested itself for some time. They assume more and more 
the character of static laws. Thus guided by the conducting line 
of the theory of descent, subjected to the precise measure of a per¬ 
fect mathematical exactness, and controlled at each instant by 
the experimental method, morphology each day becomes more the 
explanatory science par excellence of the world of organized beings. 
Morphological phenomena are the translation, the tangible expres¬ 
sion, the perceivable criterion of physiological experiments, and 
the latter borrow all their interest from the morphological mani¬ 
festations which they engender. 

In connection with breeding and horticulture the morphologist 
becomes in truth a creator. He is still more so when, in calling up 
and grouping in thought the conditions under which living beings 
are successively formed in the course of centuries, lie perceives the 
causal nexus which connects the new forms with those which have 

1 " I have purposely insisted on these points, because here and there a tendency 
seems to prevail to look upon Darwin’s views upon the origin of species as unsatis¬ 
factory and obsolete and to proclaim the necessity of replacing them by broad 
new hypotheses with which the name of De Vries should be coupled. I hese tend¬ 
encies are in great favor with those that bear a grudge to the t>o-called Darwin¬ 
ism for other than scientific reasons, and who in their innermost hearts would at 
the same time like to see a similar fate reserved for De } ries s demonstrations, and 
even for the whole theory of evolution.” A. A. W. 1^brecht. //w^o de 1 ncs * 
Theory of Mutation* {The Popular Science Monthly, July, 1904, p. - I-). 
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preceded them, and foresees to a certain extent the transformations, 
undoubtedly less extended, which the forms, still possessed at 
present of a certain plasticity, will undergo in the future. 

At all events, in pretending that the morphologist plays the r61e 
of creator, we do not intend to affirm that he could, as the adver¬ 
saries of the evolutionary theory have sometimes demanded with 
ridiculous unreasonableness, transform hie et nunc one animal species 
into another species through a simple modification of food and me¬ 
dium, and, for example, produce the ox from the sheep by placing 
the latter for some generations in especially favorable conditions. 
Such a result would be the negation of the Darwinian doctrine itself, 
which, we know, makes great use of modifications accumulated 
by heredity and irrevocably fixed in definitely established organisms. 

What the morphologist is able to attempt, and what in fact he 
does attempt, is to discover and to analyze the small variations 
which are determined by primary factors, and to determine thus 
how by a slow summation these variations, at first insignificant, 
are united to give origin, either by a continuous or by an apparently 
discontinuous process, to the much more evident characters which 
separate species. 

I do not dare even to believe, with some bold pioneers of modern 
science, that the most perfect knowledge of the auto-regulation of 
organisms will perhaps permit us to modify these auto-mechanisms 
and to obtain thus a rapid variation of animals and plants. 1 

After a series of innumerable transformations of which it is 
sometimes possible to discover some traces in the form of fossil 
impressions in the depths of the earth, the majority of living beings 
have arrived at a relatively stable state of equilibrium. They have 
exhausted the possibilities of what I have called their plastic poten¬ 
tial, they are able to effect only feeble oscillations about a mean 
position, and no considerable change in the ethological conditions, 
in general, can be compensated for by a new arrangement of regu¬ 
lative reaction. 

And even for those which still have a reserve of plasmatic elas¬ 
ticity sufficient to permit of new adaptations, we must not forget 
that they can develop only in a certain number of well-defined 
directions, and that we must always bear in mind two essential facts 
which regulate the transformations which are hereafter possible: 

1 " So far as I am aware no one has vet found a method of bringing about a rapid 
variation in animals or plants. I am inclined to believe that this failure is at least 
partly due fn the existence of mechanisms of regularisation. . . . We again meet 
u-'th two possibilities: we shall either succeed by a series of continued slight 
c.iangi s in one and the same form in bringing alvnit a large transformation from 
,,u ‘ on "*nal fyrrn. or wo shall obtain the result that in each form the possibility 
oi •*vo|ut| 0n is limited, and that at a certain point the constancy of a species is 
reached. J. I .n. h. The Limitation of Biological Research (University of California 
ub.tr-,t.ons i'r.tjsiology, vol. i. no. 5. Oct. 1003). 
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first, the indestructibility of the past; second, the irreversibility of 
evolution. 

It is there, we may say in passing, that all the difficulty of the 
question of spontaneous generation or abiogenesis lies. If by a 
miracle we should happen to produce from non-living material as 
simple a living being as can be imagined, this new being would 
certainly be different from all actually existing species, for the 
latter have a past that the other would not have, and they bear in 
their organism, which may be as rudimentary as we choose, traces 
of all action to which their ancestors have been subjected. 

We may even infer that the hypothetical monads whose forma¬ 
tion we might bring about by abiogenesis would differ from those 
which have originated at other times by the same process. Besides 
the fact that the environmental conditions in which they appeared 
would necessarily be different, the complexes of organic materials 
which would serve in their formation also would have their history, 
and everything leads us to think that the properties of inanimate 
bodies, as those of living beings, are to a certain extent functions 
of their antecedents. 

Thus is explained why even to-day there exist very old living 
forms which are not developed because they no longer have available 
plastic potential, and which would perish before they would undergo 
transformation. 

Thus is explained why it is vain to hope through special environ¬ 
mental conditions to raise relatively inferior forms of life to a higher 
level, and why it is useless to seek to modify physically or morally 
in a desirable sense races which are considered rightly or wrongly 
as relatively inferior, but in any case otherwise differentiated. Evo¬ 
lution is not reversible, and we cannot by any process cause a living 
being to return toward the point at which it was separated from 
its original phylum in order to make it follow a different way from 
that which it had at first taken. 1 

But the limits imposed upon our science by nature should not 
hinder us from admiring its grandeur and from noting its prodigious 


development. 

It is never necessary to doubt progress. It is almost thirty years 
since, in the course of a lesson on the first phases of development of 
the animal egg, I said, not without regret: “La Morphodynamique 

' The generality of the peecilogonic process shows the instability of ^o 1 ^^ 
For according to Brillouin, irreversibility is introduced into rational mechanics 
with instability. Irreversibility. which is the almost universal character of natural 
phenomena realized in finite time, is by no means an objection to mechanical ex¬ 
planation (mechanics of the nineteenth centurv or the more general mechanics 
which caused us to discover electromagnetism) of the physical-chemical world. 
Wherever we actually introduce it in order to come to an issue in a numerical 
theory, of viscosity or of friction, a most profound analysis will cause the recog¬ 
nition and study of the instability of molecular equilibrium. (Marcel Brillouin, 
Notice* aur Us Iravaux scientifujues, pp. 19-20, 1904.) 
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soupgonn^e par Lamarck, k peine abord^e par quelques raresbio 
logistes, est un territoire scientifique que la plupart des naturalistes 
de nos jours ne verront que comme Moise vit la Terre promise 
seulement de loin, et sans pouvoir y entrer.” 1 

My hopes have been greatly surpassed by reality. Under the 
name of embryological mechanics (Entwicklungsmechanik), and of 
biomechanics, of biometry, etc., the new fields toward which I 
directed my course of scientific exploration at the beginning of my 
career have been partly recognized and opened up by young and 
able investigators. Scientific progress follows a geometrical pro¬ 
gression, of which the ratio increases unceasingly. As a river, with 
its impetuous waters increased by the contributions of numerous 
tributaries whose synthesis it effects, morphology majestically de¬ 
ploys its course, and the delicious aesthetic experience that the con¬ 
templation of living beings procures us is the least recompense of 
of our troubles and of our persevering efforts. 

For the realization of a work of art, what anonymous collabor¬ 
ators come to the assistance of a painter or a sculptor I The artisan 
who weaves the canvas, the quarry man who furnishes the stone, 
have their share of merit in the final result, and we owe them also 
a share of the recognition. It is the same in our sciences of nature, 
where each day brings an increasing solidarity among all the workers. 
The different branches of biology are united among themselves, 
as we have seen, by multiple and intertwining bonds, and a special 
branch such as morphology depends not only on the progress of 
neighboring branches, but also on the development of other sciences, 
even those which are apparently most distant. 

Specialization, which perforce becomes more and more intense, 
also renders the more desirable synthetic efforts and the coordina¬ 
tion of results. 

Let us hope, then, that in the near future a collective organ¬ 
ization may replace the anarchical state which exists at present, 
and which uselessly absorbs so much activity which might be 
better employed in bringing the various sciences into a hierarchy 
and directing them toward a common end. Scientific solidarity 
should be the preface and the model of social solidarity. 

' A. Giard, Cours de Zoologit (Bull. sc. Fr. et Belg., t. vm, p. 258), 1876. 
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Professor C. Judson Herrick read a paper for Dr. C. S. Herrick of Gran¬ 
ville, Ohio, on the “ The Dynamic Character of Morphology.” 

The speaker said in part: There is a price which any organism must pay for a 
high degree of specialization in a single direction. The liver fluke of the sheep de¬ 
pends for the perpetuation of its species upon a series of complicated adjustments 
to various environments, the failure of anyone of which is fatal. Such cases of 
extreme adaptation are usually found only on the terminal twigs of the phylctic 
tree, and it lias come to be a biological truism that the main line of evolutionary 
advance passes through the generalized types. 

Perhaps something similar holds true for scientific disciplines. There is certainly 
danger that extreme development of any specialty may cut it off from the vital 
relations with environing fields upon which its continued existence depends, and 
tho elaboration of a “pure morphology” is certainly not exempt from such a 


danger. 

But we have only to be true to our own traditions to enable us to retain our 
place in the growing axis of biological progress. Anatomy, out of which morpho¬ 
logy grew up, belongs to the most static group of the descriptive sciences. But 
morphology is not the description of form; it is the explanation of form, and 
from its inception has been quickened by genetic and functional motives. 

Morphology is one of the most dynamic of all the sciences; from the start it 
has been morphogenesis, and the key to the problems of structure ia behavior. To 
draw another illustration from my own specialty, comparative neurology and 
comparative psychology have joined hands in wedlock from which we trust there 
is henceforth no divorce, and we trust not without hope of offspring. 

So long as morphologists have sufficient breadth of view to assimilate the 
relevant data from all other sciences, there is small danger of our science becoming 
specialized to death, however minute may be the subdivision of our problems and 
however extreme may be the refinements of our methods. But isolate morphology, 
and it will perish. 

The present problem of our specialty, therefore (if we may single out one as 
preeminent), is, as it always has been, the relation of morphology to other sciences. 


Professor J. G. Needham, of Lake Forest University, presented a paper on 
“The Contribution of Animal Morphology to Education.” in which the speaker 


said in part: . , . * 

Two phenomena of great importance accompanied the early development of: 

animal morphology: 

(1) The general recognition of the principle of evolution. 

(2) The general introduction of the laboratory method in zo&Iogy. 

The first profoundly affected every department of human knowledge, the 
second profoundly influenced the development of every branch of biologies 

science. , 

These were the necessary — not accidental, nor even incidental — accompani¬ 
ments of the development of animal morphology: for when the theory of nature 
selection offered the first satisfactory explanation of a possible method of evolurion 
zoologists were quick to recognize that the facts of the structure and develop¬ 
ment of animals offered a ready means of testing its validity. The distinguished 
comparative anatomists of the first half of the nineteenth century, and the rising 
school of embryologists, had prepared the way: and the early morphologist found 
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at hand structural data of great diversity and in great abundance, awaiting a 
new interpretation. They took the “natural system” of the old comparative 
anatomists, and breathed into it the breath of life. In so far as it was natural its 
naturalness lay not in association of like forms, but in kinship. Homology came 
to have a new significance, and phylogeny and ontogeny came to the fore; and 
enormously productive researches began into the correspondence in development 
of race and individuals. It is not too much to claim that the general and prompt 
acceptance of the idea of evolution is due primarily to the work of morphologists. 

That which belongs to general intellectual culture of the race belongs to the 
curricula of the schools. Among the early morphologists were some eminent edu¬ 
cators, who were not slow to recognize the great pedagogic value of the materials 
in their hands. They were the first among zoologists to reduce their materials to 
satisfactory pedagogic form. While perhaps they did not create the laboratory 
method in zoology, they made it general. While other phases of zoology are likely 
to receive, and are worthy of more attention than they receive at present, the 
materials of morphology will always be of the highest general pedagogic value 
because they so well illustrate the commoner phenomena of evolution, division of 
labor, specialization, progressive and retrogressive development, redundancy and 
reduction of parts, parallelisms and divergent lines of development, etc. To me 
it seems doubtful if these phenomena, which belong to evolution in every field of 
knowledge, arc demonstrable in any other field with such definiteness and economy 
of time and satisfaction as in this one. Therein lies the chief pedagogic utility of 
the materials of morphology. 
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(Hall 9, September 23, 3 p. m.) 

Chairman: Professor Simon H. Gage, Cornell University. 

Speakers: Professor Oskar Hertwio, University of Berlin. 

Professor William K. Brooks, Johns Hopkins University. 
Secretary: Professor T. G. Lee, University of Minnesota. 


The Chairman of the Section of Embryology was Professor Simon 
H. Gage, of Cornell University, who opened the Section with the fol¬ 
lowing remarks: 

“In this great International Congress of Arts and Science, it is 
peculiarly fitting that one of its sections should be devoted to em¬ 
bryology, that branch of biology which has to do with the unfolding 
and development of the egg into a complex and independent organ¬ 
ism. We are fortunate in having for our chief speakers men — one 
from the old world and one from our own country — who have 
taken a leading part in our generation in discovering and expound¬ 
ing the processes and laws of development and the relations of organ¬ 
isms from parent to offspring in an endless chain.” 


/ 



ADVANCES AND PROBLEMS IN THE STUDY OF 
GENERATION AND INHERITANCE 


BY OSKAR BERT WIG 


(Translated from the German by Dr. Thomas Stotesbury Git hers, Philadelphia.) 

rOskar Hertwig, Regular Professor of General Anatomy and History of Evolution 
since 1888: and Director of the Anatomical-biological Institute since 1888, 
University of Berlin, b. Friedburg, Hessen, April 21,1849. Student of Medicine, 
Jena, 1868; Zurich, 1869; Jena, 1870; Bonn, 1871-72; M.D. Bonn, 1872; Ph.D 
Bononiensis, 1888. Privy Councilor of Medicine, 1897; Regular Professor of 
Human Anatomy and Director of Anatomical Institute, Jena, 1881-88. Member 
of the Physio-Medical Society, Erlangen; Royal Academy of Science, Berlin; 
Academy of Sciences, Munich, Stockholm,Copenhagen; and many other scientific 
and learned societies. Author of Text-Book of the History of Evolution of Man 
and oj Vertebrates; The Elements of the Science of Evolution; Timely and Disputed 
Questions of Biology; and numerous other works and memoirs on anatomy.] 


From the time of Greek science until our own day, no other pro¬ 
blem has interested the scientific investigator as much as that of 
animal development. Still after many centuries, difficulties remain 
that appear insurmountable to human powers. This is especially 
true of the secret problem of generation. In earlier centuries, the 
old anatomists with their incomplete methods of investigation could 
not win true knowledge, which, however, they sought to replace by. 
hypotheses, which were generally without permanent value, and 
sprang from the earth like mushrooms. At the end of the seven¬ 
teenth century more than 300 could be enumerated, and when the 
famous physiologist Haller brought together the work of several 
centuries, in his great handbook of physiology, he commenced the 
chapter on generation with the complaint, which was certainly 
justified at that time, "Ingratissiraum opus, scribere de iis, quae 
multis a natura circumiectis tenebris velata, sensuum luci inaccessa 
hominum agitantur opinionibus.” 

The century of natural sciences, the nineteenth century, was the 
first to lay a scientific basis for the study of generation, as well as 
for that of so many branches of natural science. Since then such 
great advances have been made, that if Haller should, in our day, 
begin again to write the chapter on generation, he would certainly 
term it, in contrast to the year 1746, an “ opus gratissimum.” 

For is it not a pleasant task to follow the way in which the torch 
of science has constantly more brightly illumined a realm, which for 
many centuries was looked upon as one of the most hidden; also 
how, on the successfully trodden way, the new discoveries have, with 
certainty and regularity, been crystallized around the already deter¬ 
mined truth? Therefore, I may surely count upon a general interest 
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when I give a comprehensive sketch of the position and problems 
of our present development in the realm of generation. 

The theme corresponds also to the general programme of the Board 
of Managers of this Congress. It is their object to show, in the great 
series of addresses which lie before us, a proof of the inseparable 
connection of all branches of science. Our theme will show us, step 
by step, how botanists and zoologists, students of the Protista, 
anatomists and physiologists, work hand in hand when they inves¬ 
tigate the general basic truths of their various sciences in the realm 
of generation, as here, every step forward in one of these immediately 
assists each of the others. The goal of truth, for which we seek from 
various starting-points, is the great science of life, biology, to whose 
investigation the separate ways lead. In another connection still, 
we shall see how the development of biology is dependent, in more 
than one connection, upon the development of other sciences, espe¬ 
cially of physics and chemistry, and thus forms an integral limb in 
the regular development of the great tree of knowledge. To give 
a convincing example of this natural connection, the most important 
discoveries which biology has made in the last hundred years were 
made possible, in great part, by the development of physics. Con¬ 
sider the advance in physical optics, and the technic connected there¬ 
with, which through Abba’s labors gave us the compound microscope, 
that wonderful instrument already brought to the highest perfection 
and destined to overcome, in the rapid course of conquest, the new 
world of the smaller micro-organisms. Embryological investigation, 
especially, was seen to take a great spring forward the moment 
physiologic knowledge showed that animals arc built up of smaller 
individuals, the cells, and thus are nothing more than communities 
of innumerable, socially connected, elementary organisms. Embryo¬ 
logy is indebted to the students of plant anatomy for the impulse 
toward this new study which is built upon the knowledge o t ie 
construction and origin of plants, based upon Schleiden s teaching. 
For, standing upon Schleiden’s shoulders. Schwann has shown the 
dominion of the cell theory in the animal body. 

At this time the study of generation received its first scientific 
basis. The beginning of individual life, the egg itself, is a cell, as 
Schwann had already conjectured. The spermatozoa also, which in 
the time of Johann Muller were frequently looked upon as parasitic 
organisms in the seminal fluid, comparable to infusoria, were soon 
explained by Kolliker as elementary parts of the animal, as they too 
arise from cells. Thus the organism reproduces new individuals of 
its own sort by loosing from their bonds single cells, as sexual pro¬ 
ducts, which may begin an independent life in a new process o 
development. While until now the progress came from the botanical 
side, animal embryology, on the contrary, now began to have a fruit- 
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ful influence on the study of generation in plants. The question 
which next pressed itself upon the embryologist was: Why must 
the egg, that the young being may develop from it, first experience 
the effect of the semen? Why must it, except in the rare cases of 
virgin generation, be fertilized? This matter still remained a pro¬ 
blem which actively demanded a solution. Ordinarily the process 
was explained by saying that the egg, in order to begin development 
and to divide, needed an external stimulus, and that this stimulus 
to development was a chemical process arising either from the 
seminal fluid or from the spermatozoa. 

Some investigators who endeavored to observe fertilization in 
suitable objects, believed that they were able to see under the micro¬ 
scope that some of the numerous spermatozoa which surrounded the 
ovum forced their way in, dissolved, and mixing with the yolk, acted 
as the fertilizing agent. For a time the question as to the penetra¬ 
tion of the spermatozoa in the egg was the burning question of the 
day in science. What value was laid upon the observation of a 
spermatozoon inside the yolk-sac, may readily be seen from the fact 
that Barry, as well as Nelson, Keber, and Meissner, called together 
a congress of professors and doctors in order to show them the dis¬ 
covery, and to permit them to see the proof for themselves. 

The state of the knowledge of generation up to the year 1875, 
Wundt has expressed as follows in his text-book of physiology: 
“The important condition for fertilization is, in all probability, the 
penetration of the spermatozoa into the egg contents, which may 
be shown in the various classes of vertebrates. After the sper¬ 
matozoa have penetrated into the egg they rapidly lose their mobility 
and dissolve themselves in the yolk. We do not possess a theory, 
or even a plausible hypothesis, concerning the nature of the process, 
by which after their penetration into the yolk they provoke in this 
the process of development. ” 

With the year 1875, a new stage begins in the study of generation. 
At that time I was fortunate enough during a long sojourn for study 
at the Bay of Villafranca to determine more accurately the process of 
fertilization, in an extraordinarily favorable object, the egg of the 
ordinary sea-urchin, Toxopncvstcs lii'idus. 1 As in the sea-urchin the 


1 My investigations on the first stages of development in the egg of the sea- 
urchin began Easter, 1875. in Ajaccio, where I studied especially the changes in 
the division of the egg. At that time, however, I did not succeed in observing 
the process of fertilization, although my attention was directed toward it. I first 
succeeded when I went from Corsica to Villafranca, with my brother (who was 
making a study of Ttadinlaria) and there continued my investigations for some 
time. When, therefore. Bolsche, in the first volume of his encyclopa?dia Men of 
Our Timr, p. 22S, writes: “Oscar Hertwig made in Ajaccio the discovery of the 
act of fertilization in the sea-urchin which will form for a long time a turning-point 
in the historv of our knowledge of the 6exual act of generation, thus of one of the 
deepest mysteries of all nature.” the name of the place Ajaccio should be replaced 
by Villafranca. 
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sexes are separate, and as the eggs which almost the whole year 
through may be found in the mature condition are small and trans¬ 
parent, it is here an easy task to observe the artificial fertilization 
on the object-glass and under the microscope. The complete trans¬ 
parency of the egg permits, even with extreme magnification, the 
most minute processes to be observed during life. That which has 
already been discovered can be controlled and more accurately deter¬ 
mined in many details in preserved material. 

Thus the important points of the process of fertilization could be 
explained and later positively determined by me and the numerous 
investigators who have since then occupied themselves with the 
Echinodermata (Diagram I). 



Diaoram I. The fertilization process in the ovum of Toxopncustes In ulus 


Fio. 1. The mature egg at the moment of fertilization Of the numerc >«* H* ri »« 
tozoa one has already penetrated the egg at a point which is determ ned by the 
“ reception eminence?’ In the spermatozoon the head (A;), the middle piece (m). 
and the terminal filament may be distinguished. The egg-nucleus (ciA) 

Fio. 2. The egg a few minutes later has excreted the yolk-sac ' 

Una). The head and the middle piece have separated from the b-rnnnal hlarm nt. 
which has disappeared, and have changed into the male pro-nucleus (si) and tl 
centrosome (c). The latter is surrounded by protoplasmic rays. 1 lie distance 

between the sperm-nucleus and the egg-nucleus has lessened _^ 

Fio. 3. A few minutes later. The egg- and sperm-nuclei 
another in the centre of the ovum. The originally simple centrosome has dividi (1 
in two. The protoplasmic rays around the two nuclei have Ucome larger. 

Fio. 4. The egg- and sperm-nuclei lie against one another and have become flat¬ 
tened at the pl^e of contact. The centrosomes are arranged on opposite sides 
of the nuclei. The protoplasmic rays have spread themselves out over the entire 

yolk. 
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After the mixing of the sexual products, numerous spermatozoa 
approach the egg-cell by a swinging motion of their tails, but only one 
penetrates, if the egg is normal and capable of life (Fig. 1, k and m). 
The point of penetration is known to be a small conical process, the 
reception eminence (Empfangnis Hiigel), which extends from the 
egg-surface toward the closest spermatozoon. To others, entrance 
is immediately made impossible by the fact that the egg at once 
excretes a fine but impenetrable skin, the membrana vitellira, largely 
as a protection against this. 1 

The internal fertilization process immediately follows the external. 
Of the three parts which, as is well known, may be distinguished in 
the spermatozoon, the head, the middle piece, and the contractile 
terminal filament, the last is thrown off and has no more importance 
in the process. The head, on the contrary, which was formed from the 
nucleus of the spermatozoon-forming cell, and which contains the 
chromatin (Fig. 1, k, and Fig. 2,sk), begins to change into a small 
round vesicle which I have called the seed or sperm-nucleus, and 
which by the absorption of juice from the protoplasm begins slowly to 
increase in size (Figs. 3 and 4, sk). The middle piece (Fig. 1, m) con¬ 
tains a tiny cell-organ, the much-studied centrosome (Fig. 2, c), which 
in spite of its extreme minuteness plays a striking and important 
role in the division of the nucleus. It moves in front of the sperm- 
nucleus, and its position in the living cell is easily recognizable, because 
in its neighborhood, evidently as a result of a stimulus proceeding 
from it, the protoplasm arranges itself in radial bands in a figure 
like iron-filings around the pole of a magnet. 

Interesting phenomena begin now. in rapid succession, to fix the 
eye of the observer. The original nucleus of the egg and the newly intro¬ 
duced sperm-nucleus draw mutually together and move with increas¬ 
ing rapidity through the yolk toward one another (Figs. 2, 3, and 4). 
The sperm-nucleus (sk) which is constantly preceded by the radiance 
with the centrosome (c) included therein, changes its place more 
quickly than the egg-nucleus. Soon the two meet in the middle of the 
egg (Fig. 3). where they are inclosed by a common radiance which 
has now extended over the entire yolk. They lie against one another, 
becoming flattened on the contact surfaces, and then lose their 
separation from one another with the formation of a common nuclear 
sac. Egg- and sperm-nucleus are thus united to form a common egg- 
nucleus in which the chromatin of the male and female sexual cells is 
contained. At this point the internal process of fertilization may be 
looked upon ns concluded. 

Two or more nuclei in the egg-cell were already described several 

' The formation of the Fmpfongnis Flfigsl was first observed by Fol, when, in 
connect ion with mv exporintents. he made n verv thorough study of the fertiliza¬ 
tion proc«->s in Ei hintuUrmata ( Rccherchcs sur In f>condation et Ic commencement 
<l r !'h nog nic. (Jenf. 1S79>. 
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times before 1875 in different objects (mollusks, nematodes) by 
Warneck (Ueber die Bildung und Entwickelung des Embryos bei Gas- 
tropoden, Bull, de la soc. des. Natur. de Moscou, vol. xxm), Biitschli 
{Studien uber die ersten Entvncklungsvorgange der Eizelle, 1876), and 
Auerbach (Organologische Studien, vol. ii, 1874), and their coalescence 
with one another was observed. It, however, occurred to no one to 
see in this coalescence of egg- and sperm-nuclei the process of fertil¬ 
ization. The nuclei were looked upon as new formations (vacuoles) 
in the egg whose nucleus had been lost. Biitschli believed that the 
germinal vesicle was completely thrown off. Auerbach thought it was 
dissolved by karyolysis. Thus it was taught that when seminal bodies 
penetrated into the egg-cell, they were destroyed by complete solut ion. 

Born is therefore wrong when he states in an article which ap¬ 
peared in 1898 ( Anatom . Anzeiger, vol. 14, no. 9), “Auerbach has 
given the modern study of fertilization its lasting basis. It should 
never be forgotten that this service belongs to Auerbach alone.” 

Auerbach was far away from the correct interpretation of the phe¬ 
nomena. He knew only that through the coalescence of two nuclei 
which arose as vacuoles in the yolk at opposite ends of the egg, 
material differences, individual mistakes in composition, between 
the two halves, were adjusted. According to his conception, “The 
necessity for the whole complex of phenomena is caused by the 
special peculiarity of the fertilized Nematode eggs, namely, by their 
elongated shape and by the peculiar condition during the act of 
fertilization by which the eggs forcing themselves through a narrow 
canal offer at first only their anterior polar region to the zoosperms.” 

Otherwise, Auerbach has expressed himself very correctly as to t he 
relation between his and my investigations in speaking of my work 
(Jcnaer Literatur Zeitung, dritter Jahrga’ng, 1876, no. 101, p. 107). 
After a short reference to the contents, he remarks: “These observa¬ 
tions confirm, as the author explains, as regards the conjugation of 
two nuclei of independent origin in the egg, those of the writer, but 
vary from these in that the author ascribes to the two nuclei not 
merely, as the present writer, a slight qualitative difference caused by 
fertilization, and does not look upon them merely as new formations, 
but rather sees in one the morphological remainder of the egg-nucleus, 
in the other that of the sperm-cell. It is evident that if, in the 
further development of the subject, the results won by the author 
should be confirmed, a new light will be thrown upon the fertilization 
process, the aim of which would be accordingly a conjugation of the 
nuclei of a male and female sexual cell.” Henscn was among the first 
to value correctly the importance of the theory of fertilization pro¬ 
posed by me. In his article “The Physiology of Generation,” in Her¬ 
mann's Handbuch der Physiologie, vol. vi, part 2, p. 126 , he remarks: 
“This conception of fertilization must be looked upon as a fortunate 
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one. It deepens our knowledge of the process of fertilization because 
it adds to the previously considered chemical and physical elements 
the morphological element which is so important in the phenomena 
of life and inheritance by showing that the essential substance has 
a definite form. Also the new experiences with regard to the im¬ 
portant role which the nucleus plays in cell-division, as well as for 
the study of fertilization, come into play, and at the same time the 
formation of the polar bodies as a preparatory stage for the con¬ 
jugation of the nuclei is explained in a far better way than was 
previously possible.” 

On the basis of these observations fertilization may be looked upon 
as union between two different cells which arise from a male and a 
female individual. The essential in this process is evidently the union 
or, to use the expression of Weismann, the amphimixis of the egg and 
sperm-nuclei. That this is a general law of biologic nature is now 
doubted by none. For fertilization is the same process in all classes of 
animals as in the Echinodermata. Many of these, such as Ccelenierata 
and Vermes, as Tunicata and Mollusca, as Crustacea and Insecta, have 
been investigated by various scientists. The numerous Vertebrata, 
in which the process has been followed, Mammalia, Reptilia, and 
Amphibia, Cyclostoinen and Amphioxus, all show the same process. 

The discover}' of the fertilization process in animals has immedi¬ 
ately brought about similar discoveries in the plant kingdom. The 
fertilization of Phccncrogamia, previously studied without result 
by many investigators, was now quickly explained by Strasburger. 
Our knowledge in this and other points was completed by Guignard. 
Nawashin, and others. We now know that the pollen grain, which is 
analogous to the spermatozoon of animals, carries into the egg-cell 
of the ovary a sperm-nucleus which combines with the egg-nucleus. 
The correspondence is even greater in the Cryptogamia, as here ex¬ 
ternally the vegetable spermatozoid is very similar to the animal 
spermatozoon, and fertilization proceeds in a similar way. Even 
among the lowest organisms, Injusoria, Rhizojtoda, Flagcllata, Algae. 
and Fungi, the process of fertilization is seen to be the same. 

By this natural law of sexual generation, which is now so surely 
founded and based upon a complete series of observations, the old 
discussion which once played so great a role in the history of the sci¬ 
ences and engaged for a long time the naturalists and philosophers, 
the strife between the Ovists and the Animalculists, has been decided. 

From the sixteenth to the eighteenth century the dogma of pre- 
formation ruled : the doctrine that the embryo of a being was built 
up of the same organs and parts as the parent, and thus was nothing 
lo*s than an extraordinarily minute reproduction of it. Most scien¬ 
tists (Swammerdam.Harvey, Spallazani. Bonnet. Haller) looked upon 
the egg as the preformed embryo, as may be seen from the well- 
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known saying, "omne vivum ex ovo.” But when Leeuwenhoek, dur¬ 
ing his microscopic discoveries, found the spermatozoa, the thought 
occurred to him that the worm-like bodies in the semen which moved 
independently, and thereby showed a certain resemblance to the low¬ 
est organisms, should be more properly considered as the miniature 
beings. He, therefore, proposed the hypothesis that the spermatozoa 
penetrated into the egg during fertilization in order that the latter 
might serve them as a suitable nourishment for their future growth. 
No less a person than Leibnitz accepted this hypothesis. 

Strangely enough, in both hypotheses, which appear to be ex¬ 
cluded together with the dogma of preformation, a seed of truth 
seems to be hidden. For, as is easily seen from our present stand¬ 
point, both egg and sperm take an equal part in the formation of the 
new being. Both are cells, one of which represents the properties of 
the female, the other the properties of the male progenitors. Both 
unite to produce a mixed product, which has inherited the peculiar¬ 
ities of both parents. 

Here we see again how the development of scientific views in the 
realm of embryology is dependent upon the contemporary develop¬ 
ment of all science. We can appreciate the fact that the old scien¬ 
tists could not understand the process of generation, because at that 
time the lack of microscopic assistance hid from them the concep¬ 
tion of the elementary construction of the organisms. 

The thought of the union of two organisms into a new unit could 
not occur to the adherents of the preformation theory, for if embryos 
are already miniature beings composed of many organs, how could it 
be possible that they should unite in pairs to form a single individual, 
and at the same time their organs and tissues flow together into one? 

For us who know that the germs are merely cells separated from 
their parents, thus similar to simple elementary organisms, the con¬ 
ception of an amphimixis has no such difficulty, and for us it is now 
a determined fact. We can follow under the microscope the union of 
a male and a female cell and even the union of their component parts, 
especially their nuclei and the substances contained therein. With 
the knowledge of amphimixis the phenomenon that children may 
resemble both their parents, a fact for which scientists until the 
nineteenth century could give no logical explanation, is brought 
within our understanding. They resemble both, because they are 
formed from a union of the substance of the father and mother; in 
other words, from a paternal and a maternal element. 

At this point the problem of generation and fertilization passes 
over into the most difficult of all problems, the problem of inheritance. 
However, before we approach this more closely, it will be well to 
make ourselves familiar with the series of phenomena which stand 
in the closest relation to the problems of generation and inheritance 
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and also belong to the most important discoveries of modern biology. 
Here also the discoveries for which we must thank, in the first place, 
zoologists and embryologists, have reacted favorably upon the in¬ 
vestigations of botanists. 

The older zoologists, Fritz Muller, Loven, and others, had already 
noticed that from the egg-cells of the most distant classes of ani¬ 
mals two minute spheres of protoplasm were thrown off, a short 
time before or during fertilization (Diagram in, Figs. 3, 4, 5, pz l , 
pz 7 p). These were called the polar bodies, because at the place of 
their extrusion from the ovum the first plane of segmentation began. 
Their importance remained an enigma. Many scientists believed 
that they constituted an excretion by the extrusion of which the egg 
purified itself of useless substances, before the beginning of its 
further development. Then Biitschli observed that the nucleus of 
the unfertilized egg is concerned in the formation of the polar bodies, 
that it projects from the surface of the yolk in the form of a nuclear 
spindle, which, as he believed, is then extruded in the form of the 
polar bodies. This was a great advance, but combined with an error 
with regard to the entire meaning of the process which soon after 
was rightly determined by Giard and myself. For more accurate 
investigation showed us that the polar bodies were not formed by 
extrusion, but by two true divisions which followed immediately 
upon one another, and that in the second division half of the spindle 
and of the chromosomes remained behind in the egg, and here became 
the nucleus of the mature egg. The process only differed from an 
ordinary cell-division in that the parts were so unequal in size. 
The polar bodies should, therefore, better be denoted polar cells. 

For what reason and to what end, we may ask, are these two 
insignificant polar cells formed with such great regularity in the 
entire animal kingdom? On this also light was soon thrown by the 
accurate study of an extremely favorable object for investigation, 
the egg of the horse roundworm, Ascaris vicgaloccphala , which has 
been as productive of results in the study of the process of fertiliza¬ 
tion as the egg of the Echinodcrmata. Its invaluable advantage 
consists in the fact that it gives us a deeper insight into the relation 
of that substance which plays the most important role in the divis¬ 
ion of the nucleus, namely, the chromatin. 

Of the chromatin we know by investigations which are among 
the most brilliant of the histological advances of the last decennium 
( ee Diagram ii, showing nuclear and cell division) that the chro¬ 
matin at the beginning of the nuclear division is changed into a 
long convoluted chromatin thread, and that this in the second phase 
(Fig. _) breaks up by cross-segmentation into a very definite number 
of ;:.mts or chromosomes (c/i) which arrange themselves in the 
middle of the nuclear spindle (Fig. 3. sp ) to a symmetrical fi^. re, 
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Fig.l. n g .z 




Fio. 1. The first stage. Cell in the resting spherical form, showing a nucleus and 
one ccntrosome (c). The nucleus shows a network of hninc with threads and 

granules of chromatin ( ch ). . .... , ._« 

Fio. 2. Second stage. During the preparation for division (pro J tne 

chromatin lias drawn together into a thread which has immediately broken up 
into four pieces (chromosomes). The centrosome (c) of tig. 1 l«as diMded, and 

between the two parts a spindle has arisen. 

Fio. 3. Third stage. The spherical nucleus lias dissolved. The tno ccntrosomes 
of Fig. 2 are more widely separated and the spindle between them 
much larger. The four chromosomes (ch of Fig. 2 ) have arranged tl 
symmetrically in the middle of the spindle to form the mother star. 

Fio. 4. Fourth stage. The four chromosomes of the spindie have split longitud¬ 
inally each into two daughter chromosomes (ch 1 and ch 2). 

Fio. 6. Fifth stage. The daughter chromosomes which arose by longitudinal 
splitting have separated further and further from one another to wans 
ends of the lengthening spindle (formation of two daughter stars). The cell begins 

to segment in the middle. . tt ._ 

Fio. 6. Sixth stage. The segmentation has become complete, and the mot er cell 
is thereby dividedm half. In each daughter cell a spherical daughter nucleus, 


wuiaiuo uif LlirulIUUIb ouu^uiiivv -r-. / * 

from half of the spindle. By each daughter nucleus (A) lies a centrosome (r). 
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the mother star. Each chromosome then begins to split longi¬ 
tudinally into two identical parts, the two daughter chromosomes 
(Figs. 3, 4, 5, ch). We are justified in seeing in this the true task of 
the complicated nuclear division, as the two halves now move away 
from one another toward the opposite ends of the nuclear spindle 
(Fig. 5, ch 1 and ch 2 ) and form the two daughter stars, which after 
the division of the cell in two parts form in each the basis of a 
daughter nucleus. These promptly return to the spherical form. 

Extended comparative observations in the most widely separated 
classes of animals have demonstrated a definite numerical law in the 
chromosomes. It states: In all cells of an animal or plant species 
the same number of chromosomes always arise during a division 
of the nucleus. In one species four, in another twelve or sixteen or 
twenty-four, etc. The number of chromosomes is four only in one 
variety of Ascaris. For this reason, and because the few chromo¬ 
somes are at the same time of very considerable size, the eggs of the 
horse roundworm are of great advantage for studies in the question 
which now concerns us. 

These remarks with regard to the phenomena of nuclear division 
must first be made, in order to understand the progress which has 
been brought about by the study of Ascaris eggs in the remarkable 
investigations of van Beneden, which immediately followed the 
excellent work of Boveri. 

Two fundamental facts were discovered concerning the behavior 
of the chromatin in the Ascaris egg (Diagram hi). One of these 
facts concerns the process of fertilization. Egg- and sperm-nuclei 
(Fig. 5, eik and sk) remain, in the egg of Ascaris, separated from 
one another for several days, and prepare themselves separately 
for the formation of the first karyokinetic spindle. From the chro¬ 
matin network, chromosomes arise in the way described above, 
two in the egg-nucleus (Fig. 5, wch), two in the sperm-nucleus ( mch ). 
We can thus easily follow their fortune in the further stages of di¬ 
vision, and determine that of the four chromosomes of the nuclear 
spindle, two arise from the egg-nucleus, two from the sperm-nucleus. 
When the chromosomes split longitudinally, in the stage of the 
mother star, we see their products, the daughter chromosomes, sepa¬ 
rate from each other, in the way described above (Fig. 7,wc/tand 
mch), to form the daughter stars, and finally enter into the forma¬ 
tion of the daughter nuclei of the two new cells. In this case incon¬ 
trovertible proof has been brought that in the first division of the 
fertilized egg an equal amount of chromatin from the egg-nucleus 
and the sperm-nucleus is brought to each of the daughter nuclei. 

This process apparently repeats itself in every later division, 
so that finally the nucleus of every tissue cell is composed of equal 
amounts of chromatin of maternal and paternal origin, which has 
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sk- 



Diagram III. The process 0 ! fertilization, the formation of polarcclband the first 
division of an egg of A scans mcgaloccphala Uivalcns. 

F 10 .1. The egg at the moment of fertilization. It shows still a.*P h £ r '™ l ( j 
(kb) in which the chromatic substance is arranged in two groups of^ four■ (ti ra L . 
V The spermatozoon, shaped like a tailed sphere, has pressed half«a> into the 
egg. Its nucleus ( k ) is composed of two chromosomes 
“ 10 . 2. From the spherical nucleus a spindle with two tetrads has arisen U i). 
The spermatozoon (a) has pressed into the middle of the egg- 

Fio. 3. At the animal pole of the egg. where the spindle la y in F ig- 1:^ 

sars 

a chromosome comes to live in the second potor ceil,«line v • two chromo- 

in the egg and forms the egg-nucleus («*). which then contains two enromo 

60 F,a’ r E^dT^nudoitpproach each other until they touch but do 

drawn as a \vhite tiicspenm-nudcu®*^ a blac^circh^Onc/rh 

“fT r^X—lTei have^tOE ether formed a .pindte ojf w.m.four 
chromosomesnalf (weft arise from the egg-nucleus. the other ^tlpd f 
sperm-nucleus. The polar cells, as in Figs. 7 and 8. have been omitted. 
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Fio. 7. The female and male chromosomes of Fig. 6 have divided longitudinally 
and separated from each other in two groups of daughter chromosomes: (sp) 
spindle; (c) centrosome. 

Fio. 8.. The two lialves of the egg contain daughter nuclei, half of whose chromo¬ 
somes arise from the egg-nucleus, half from the 6perm-nucleus. 

been constantly increasing by growth. Of course the equal division 
cannot be determined later by direct observation, as is the case in 
the first division, but after what we know of the nature of nuclear 
division this view may be considered in the highest degree probable. 

Still more important is the second fact determined on the Ascaris 
egg. The chromosomes of the egg- and sperm-nuclei are an excep¬ 
tion to the above-mentioned numerical law. Whereas in Ascaris 
megalacephala bivalens four chromosomes always arise from the 
resting nucleus, only half as many, that is, two, occur in the egg- and 
in the sperm-nuclei (Figs. 4, 5, eik and sk ). How is this exception 
from the numerical law to be explained? How is it brought about? 
A very accurate study of the method of origin of the polar cells, 
as is possible in Ascaris, gives a satisfactory explanation. 

Some time before the origin of the polar cells remarkable changes 
occur in the contents of the nucleus which justify the great con¬ 
sideration which they have received, and which have been the 
object of extended investigation. In this variety of Ascaris four 
long threads arise from the chromatin network and split longitud¬ 
inally into double threads before the height of karyokinesis, the 
usual time of splitting. These threads immediately place themselves 
across each other, and thus produce, while gradually becoming 
shorter, a tetrad of chromosomes, a stage which has been shown 
in the development of many species of animals. When now the 
nucleus dissolves and the first polar spindle is formed from its 
contents, the eight chromosomes arrange themselves in the middle, 
in two tetrad groups. Later each tetrad group, of the first polar 
spindle, separates into two groups of chromosomes, connected in 
pairs (Fig. 3), or in other words, each tetrad divides in two dyads, 
of which one passes into the first polar cell ( pzl ), the other passes 
into the egg. 
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And now there occurs a second striking variation from the usual 
process of nuclear and cell-division. While otherwise, after division, 
the nuclear substance always passes for a time into the spherical 
resting state, here it immediately prepares itself for a second divis¬ 
ion, which leads to the cutting-off of a second polar cell. The half 
of the first polar spindle remaining in the egg (Fig. 3, sp ) immediately 
enlarges itself into a second complete spindle, in whose middle the 
two dyads lie. These immediately separate into their individual 
elements, of which two are taken up into the second polar cell 
(Fig. 4, pz 2 ), and two remain in the egg, and here form the basis of 
the egg-nucleus. Thus of the entire chromatin mass of the egg- 
nucleus which was divided into eight chromosomes, the mature egg 
only contains the fourth part, that is, from each of the two tetrads 
only one single chromosome (Fig. 4, eik, ch ). Instead of once, as 
in usual cell-division, the chromatin has been divided twice by two 
polar divisions; in other words, it has been quartered. Therefore, 
the egg-nucleus only contains half as much chromatin as the nucleus 
of an ordinary tissue-cell or an embryonal cell. Immediately after 
each division, it is, to a certain extent, only half a nucleus, and as 
such is an exception to the numerical law of chromosomes. Weis- 
tnann has called the whole process, by which is effected the reduction 
of the nuclear mass and the number of chromosomes to half, a "re¬ 
duction division.” 

As the sperm-nucleus in Ascaris only possesses half the number 
of chromosomes of a normal nucleus, the conclusion may be drawn, 
that in it also a reduction must have occurred, as occurs in the 
egg by the formation of the polar cells. By such consideration, I was 
led to seek for a corresponding process in the formation of sperm, 
which premise showed itself as correct.' 

As an accurate comparison of the egg- and sperm-formation in 
Ascaris shows, there exists in the two a complete parallel, which 
may be followed into the smallest detail. The unripe egg with a 
spherical nucleus, the egg mother cell or ovocyte (Diagram hi, 
Fig. 1), corresponds to the sperm mother cell or spermatocyte 
(Diagram iv, Fig. 1), as each undergoes a reduction by the forma¬ 
tion of polar cells. Also the chromatin arranges itself in the nucleus 

in this extremely characteristic way which is observed nowhere ex¬ 
cept in sexual cells in two groups of four each (Diagram iv, Fig. 1 ch.) 


' Even before my investigation Plainer determined by a study of the> proem of 
sperm-formation in Lepidoptcra and Pulmonata a reduction prowss in rtcsTOPm 
nuclei, although in a lessstriking and less comparative way. He 
“the spermatocytes correspond to the ova. . In a reduction of the 

chromatic substance to a quarter of its original quantity occurs, while a second 
division follows immediately on the first without a period of rest betw cen. (1 lat- 
ner. On the Meaning of the Polar Bodies, Biologic he s Centralblatt, yol. vm. p. 1-W. 
1889, and Contributions to the Knowledge of the Cells and their Division, Arch, fur 
mikrosk. Anat., vol. xxxiii, 1889.) 
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Then the sperm mother cell is split up by two divisions, which follow 
upon one another without a resting stage being interposed, first 
into two daughter cells (Fig. iv), and immediately by a second di¬ 
vision which causes the actual reduction into four granddaughter 
cells of equal size. By these processes, each of the two tetrad groups 
(Fig. 2, ch, and Fig. 3) divide into two pairs of chromosomes, which 
are shared by the two daughter cells (Fig. 4). Then each pair of 
chromosomes (Fig. 5, ch) falls again into its individual elements, 
which are taken up by the granddaughter cells (Fig. 7). These, 
therefore, contain, as does the mature egg and the polar cells, only 
a single chromosome from each tetrad group, altogether only two 
(Figs. 7,8). Their nuclei are, therefore, reduced to half-nuclei. 

Many will have asked, what aim this noteworthy reduction of 
t he chromatin, which constitutes the important process of egg- and 
sperm-ripening, may have. The explanation is easily seen if we 
consider, in connection with the chromatin reduction, the succeed¬ 
ing fertilization, and consider that by this a second nucleus is brought 
into the egg, which combines with the egg-nucleus and thus doubles 
its chromatin mass. Thus from two half-nuclei a complete nucleus 
is again formed, from which then arise all the nuclear generations 
of the new being. Thus ripening and fertilization of the egg stand 
to one another in a supplemental relation. That fertilization is 
needed to replace the chromatin reduction may be proved by a con¬ 
sideration. 

As the numerical law of the chromosomes has taught us, chro¬ 
matin is a substance which shows a tendency to be constant in a 
given species, not only in relation to its mass, but also in regard to 
the number of chromosomes in which it splits during karyokinesis. 
Thus it is a substance which after cell-division increases to the 
double and is then halved by division, etc. If we now consider that 
the process of reduction did not occur, then by fertilization two 
complete nuclei would be united, and the result would be a doubling 
of the chromatin, in relation to the normal. By every new sexual 
generation the same process would be repeated, and thus in the 
course of generations a summation of nuclear substance would be 
brought about, which in a short time would lead to such a lack of 
relation between it and the protoplasm, that the contents of a cell 
would no longer have room for it. 

Led by similar considerations we may say: By the reduction 
which precedes fertilization the summation of the nuclear mass and 
the number of chromosomes to the double and multiple which is 
normal for the species under consideration, is hindered in the sim¬ 
plest way possible. 

Thus, the phenomenon of reduction is a general biologic law of 
the greatest value. What has been observed in one species of animal 
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has gradually been confirmed in numberless other cases, in verte¬ 
brates and invertebrates. And time and again that which we have 
already seen has been repeated. These discoveries of the embryo¬ 
logists placed new problems before the botanist, which he imme¬ 
diately seized and solved. In the sharper position of the question 
which was now possible, phenomena were gradually observed in 
the Phcenerogamia and Cryptogamia, which, although no tso easily 
explained as in the animal kingdom, showed that, in the develop¬ 
ment of the vegetable sexual products, a reduction process by nu¬ 
clear divisions following close upon one another, also occurred. Even 
in Infusoria and different sorts of lower unicellular organisms, cor¬ 
responding processes have been observed. 

We have reached in the realm of the study of generation a position 
which has been attained to the same degree in the study of very 
few of the other complicated phenomena of life. We can unite many 
facts in a few general laws which possess value for the entire or¬ 
ganized world and for which we can use the expression “law” with 
the same justification and in the same sense as physicists and chem¬ 
ists in their determinations of law-abiding phenomena of lifeless 
nature. In a few decennaries discoveries have been made, which, 
supplementing each other, have been connected with each other, 
and have deepened in an unsuspected way our knowledge of gener¬ 
ation. 

And as the middle point of these discoveries there stands a well- 
characterized substance, which is contained in a small amount in 
the nucleus of every cell, and whose striking changes during cell- 
division have drawn upon it the attention of biologists, the chroma¬ 
tin. That this wonderful substance must have a great importance 
in the life of the cell is hardly to be doubted after the foregoing 
experiences. Let us attempt to penetrate somewhat deeper into 
its importance. We are hereby brought back to the important pro¬ 
blem of inheritance upon which I already touched in connection 
with the demonstration of fertilization, but had retained for later 
mention. If the egg- and sperm-cell conveys to the new being 
the properties of the father and mother, how does it come about, 
we may ask, that these share in the process to such an unequal 
degree, as the egg gives to the new being one hundred or one thou¬ 
sand times more substance than the insignificant spermatozoon? 
Naegeli, in his book Concerning the Mechano-Physiologic Theory 
of Generation , which is very rich in ideas, has attempted to answer 
the question by theoretic discussion, by the view that the sexual 
cells consist of different substances, which possess a different value 
for the inheritance of parental characteristics. The important sort 
he designates idioplasm. 

Idioplasm is a purely hypothetic conception, for Naegeli himself 
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has not stated what substance in the cell is actually the idioplasm. 
A real basis must therefore first be won by empiric investigation. 
This occurred contemporaneously and independently by Stras- 
burger and myself; Weismann, Kolliker, and others soon followed. 1 

Proceeding from the facts of karyokinesis, of fertilization and 
maturation, I concluded that the substance of the nucleus, and here, 
especially the chromatin, corresponded to the idioplasm of Naegeli. 
Three important considerations appeared to me to point in this 
direction. 

First: The chromatin is the only substance known to us which 
occurs in exactly equal amount in the sperm- and egg-cells. As a 
proof 1 will recall briefly the already mentioned brilliant discovery 
of van Beneden, according to which the egg- and sperm-nuclei of 
Ascaris tncgalocephala bivalens contain the same number of chromo¬ 
somes, that is, two, which are of equal size. 

Second: the fact that the chromatin is the only substance which 
passes over in equal quantity from the mother cell to the daughter 
cell, after it has doubled its volume by nourishment and growth. 
The complicated process of karyokinesis evidently serves only for 
this purpose. The arrangement of the chromatin particles in threads, 
the division of the chromosomes longitudinally, the distribution 
of their split halves toward the poles of the spindle, and the equal 
distribution in the daughter cells. 

Thus, this substance, in which rests the peculiarity of the organ¬ 
ism, is carried down from one cell generation to the next as a valu¬ 
able inheritance, and thereby is the principle by which every cell 
of the organism is “idioplasmatically enabled,” as Naegeli expresses 
it^ to become the germ of a new individual. Here also numerous 
phenomena of generation and regeneration find their explanation. 
For in many plants and lower animals we see that actually almost 
every small cell complex separated from the rest of the organism 
is able to reproduce the whole. From the root-cells of a plant, buds 
may form, to reproduce the aerial part, and from the stem-root, cells 
may develop, as is seen in slips. This is because, in cells, which 
during the course of development have adapted themselves for a 
certain function, the deposits contained in their inherited mass are 
still slumbering, and may be newly awakened and forced into a 
definite development. 

Thirdly and finally, we may base our opinion upon the chroma¬ 
tin reduction. 1 might denote this as a proof of the justification of 
the theory. Without having known of the finer processes which 
occur during the formation of the polar cells, Naegeli had already 

1 I nave given the different historical and critical opinions, in regard to the 
theory nf fertilization and inheritance, in my article Comparison of Egg and 
Spn-m Formation in Ncmatoda, Arch, fur mikrosk. Ana/., vol. xxxvi, pp. 77-127, 
1S90, and in Zeit. und Streitfragcn der Biologic, vol. I, p. 16,1894. 



GENERATION AND INHERITANCE 


305 



Diagram xv. Spermatogenesis, or development of the seminal bodies from (he 
seminal mother cells (spermatocytes) in A scant mcgaloccphala bivalent. 


Fig. 1. Seminal mother cell with a nucleus (A) in which two tetrads (ch) have 
formed. Centrosomc (c) with rays. .... . „ . . ... . 

Fio. 2. Seminal mother cell from the nucleus of which a spindle (sp) with two 
tetrads has developed. Centrosome (c). ... ,, 

Fig. 3. Spindle in which each tetrad has divided into paired chromosomes (Uv- 
ads), 

Fio. 4. The seminal mother cell is divided into daughter cells (/*) each of which 
incloses a spindle with two pairs of chromosomes (dvads) (ch). 1 he centrosomc 
(c) lias divided into two daughter centrosomes between which a small new spindle 

is formed. . , 

Fio. 5. The new spindle (sp) in each daughter cell has enlarged and included 
the two pairs of chromosomes (ch 1 and ch 1 ). 

Fio. 0. In each spindle the pairs of chromosomes have separated irom one 
another and approached the poles of the spindle. 

Fio. 7. The two seminal daughter cells have divided into four granddaughter 
cells (ez), each of which includes only two chromosomes (one element of the tetrad 
of Fig. 1) and one centrosome. ., ,. „ , . , a .. , 

Fig. 8. The two chromosomes of the granddaughter cells (ez) have flattened 
against each other eventually to form one small, compact, snherical nucleus (A). 

Fio. 9. Each granddaughter cell changes into a seminal body (sp) conical in 
shape. Nucleus (A). 
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shown the necessity of a reduction process from purely theoretic 
considerations. He said: “If, in every propagation by fertilization, 
the volume of the idioplasm, however constituted, doubles itself, 
the idioplasm body would be so much increased, after several 
generations, that it could no longer find room in a spermatozoon. 
It is thus absolutely necessary that indigenous propagation the union 
of the parental idioplasm bodies occur without causing, by the united 
mass, a corresponding increasing growth of this material.” 

The process suspected by Naegeli was soon after discovered in 
the development of the polar cells, which, however, were first ex¬ 
plained in another way by their discoverer himself, Ed. van Beneden, 
and were first recognized by Weismann as the process by which a 
summation of the parental mass as a result of fertilization was pre¬ 
vented. Weismann agrees with Naegeli that reduction was so cer¬ 
tainly required by theoretic considerations that the process by which 
this occurred must be found if it were not contained in already 
known facts. I, however, doubt as little as does Weismann that 
the reduction of the idioplasm, which is theoretically demanded, 
occurs by the formation of polar cells. 

When one fact thus agrees with another, which is very rare in 
this way in biologic processes, we may certainly say, in spite of the 
objections raised by several investigators, that the idioplasm of 
Naegeli is found in the chromatin of the cell-nucleus, and that this 
hypothesis is adapted in a high degree to serve as a starting-point 
and leading star. 

How many questions whose solutions in part we are already 
beginning to determine, which in part wait upon the future, force 
themselves upon the investigator! 

Docs an actual penetration of the two idioplasms occur during 
the union of the egg- and sperm-nuclei, or do they remain alongside 
of one another, temporarily or permanently? and in corresponding 
way, how does the reduction process act? To how many ques¬ 
tions, again, the origin of female and male sex and the generation 
of bastards gives rise! May we find a morphological basis by the 
study of the sexual production of bastards for the law of Mendel, 
which has been confirmed in great part by recent investigations of 
Tschermak, Corrcnz. and De Vries on bastards ? 

And what a perspective the following consideration opens! If 
the chromatin is the substance by which the peculiarity of each 
organism is determined, it must be of somewhat different composi¬ 
tion in each of the numberless organized species. In the insigni¬ 
ficant mass of an egg-nucleus, or a sperm-nucleus in the head of 
a ,npntozoon. only visible under the microscope, the numberless 
•;?T)ties by which one species is separated from another are 
c .pressed in their elementary forms. Will human intelligence 
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ever succeed in penetrating into this world of the smallest organic 
differences, which are now invisible to us? Will, in the future, the 
means of investigation of the biologists, perhaps the discovery of 
a more powerful microscope and the mastery of the same, increase 
the circle of vision of our successors as much as was done by the 
discovery and mastery of the compound microscope? 

Or, will the chemist succeed in so increasing his knowledge of the 
nature of proteid bodies that we may expect valuable conclusions 
in regard to the nature and difference of idioplasm, that is, the 
chromatin substance, from this direction? Who will dare to deter¬ 
mine where, and how far away, a limit may be set to the possibility 
of human knowledge ? 

Far, far away lies in any case the goal, shimmering before us in 
the distance. For its attainment the individual branches of natural 
science, from to-day on, must have united themselves, by extension 
of their borders, to a great united science of nature, as the leading 
spirits are now trying to consummate. For the investigator who will 
busy himself with this deepest problem of life must unite in one 
person biologist, chemist, and physicist, and must master the depths 
of each of these sciences. 

In looking so far into the future, with its unlimited possibilities, 
we may well repeat the words with which our great teacher, Carl 
Ernst von Baer concluded the preface to his Embryology of Ani¬ 
mals: “Until then there will still be a prize for many. The palm, 
however, will be carried off by that fortunate one for whom it is 
reserved to refer the active power of the animal body to the general 
laws of life of the world whole. The tree from which his cradle will 
be fashioned is not yet planted.’ 1 
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Near the end of the last century, zoologists of a speculative turn 
were asking whether the changes that make up the history of species 
are induced by the external world, or are inherent in germ-cells and 
the living beings that arise from them. We had been told by Haeckel 
that the inheritance of acquired characters is a necessary axiom of the 
monistic creed, and, by Weismann, that acquired characters never 
are, and never can be, inherited, because the architecture of germ- 
plasm forbids. 

So the dispute went on, in the good old a priori way, with no sign 
of any end except an armed truce, until wise and prudent zoologists 
resolved to stop disputing and get to work. 

One of the fruits of this resolution was a wonderful series of obser¬ 
vations and experiments upon the behavior of eggs and embryos 
under abnormal conditions, the results of which are so instructive, 
and so full of food for reflection, that they mark an epoch in the his¬ 
tory of embryology, making one of its most notable chapters. In so 
far, the resolution to cease from arguing, and to get to work, has been 
altogether good, although one need read but little in the current 
literature of embryology to find that we have not succeeded in laying 
aside speculative questions. Many embryologists are now asking 
whether the cell-differentiation which takes place during individual 
development is inherent in eggs or their chromatin, or induced by the 
interaction between the constituents of the egg, and between cell and 
cell, and between the developing embryo and the external world. 

The dispute that was laid aside as vain and idle was whether the 
development of species is inherent or acquired. The new question 
is whether individual development is innate or superadded; but the 
distinction is only a verbal one because that which is true of individ¬ 
uals is also true of them when considered collectively. 

Some embryologists tell us that each cell that enters into the com¬ 
position of a multicellular organism is a complete representative of 
the species, having the same constitution and the same significance 
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in inheritance as the fertilized egg; that each cell has the constitu¬ 
tion which is characteristic of the species; that it might, under proper 
conditions, have become a germ-cell, or any one of the various cells 
of the body, because the substance of inheritance is transmitted 
equally to all cells. 

According to another view, a germ-cell is the only complete and 
independent representative of the species, since the substance of 
inheritance is held to be contained, in its completeness, in no cells 
except those that are predestined to produce new organisms, while 
the ordinary tissue-cells are held to be absolutely and inevitably out 
of the line of descent to future generations, because they contain only 
so much of the substance of inheritance as is necessary for trans¬ 
mitting the hereditary characteristics of these cells and their pre¬ 
destined descendants. 

I believe that a little study of the word inheritance will show us an 
easy way out of these paradoxes, and I do not believe I could make 
a better use of my hour, or one that would do more to promote re¬ 
search in embryology, than to point out how far the dispute is a 
verbal one. So far as the word is used inductively, it means the 
resemblance of child to parent, of descendants to ancestors, while 
the difference between child and parent is called variation. These 
words are also used, metaphorically, to designate the cause or the 
explanation of the resemblances and differences between descendants 
and ancestors, just as gravitation is used metaphorically to designate 
that which makes things gravitate, and geotropism that which makes 
roots grow downwards, and selection that which brings about sur¬ 
vival in the struggle for existence. In what I have to say, I shall 
restrict myself to the inductive meaning of these words, for I know 
that your minds and your words are so free from the bonds of meta¬ 
physics that you know we accomplish nothing by asserting that 
heredity makes beings inherit, or that variation makes them vary, 
or that selection selects. 

Let us, therefore, consider the word inheritance as a term to desig¬ 
nate the resemblance between parent and child. You all know that 
while the descendant does, on the average, resemble its ancestors and 
collateral relatives more than it resembles anything else in nature, 
it is never identical with them. We say, in our careless way, that 
organisms exhibit specific identity behind, or in spite of, their in¬ 
dividuality, when we mean that, while they resemble their parents, 
they are different from them. This diversity in unity is true of all 
natural objects, but it is most notable and impressive in familiar 
living beings, in our friends and acquaintances, in our dogs and 
horses, and in the plants that we tend with our own hands. We may 
think of the caeual stranger on the street, or the unknown citizen of 
Timbuctoo, or the stalks in the corn-field that we pass in the train, 
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as representatives of species, and nothing more, but all the living 
beings that we know practically, we know as individual members of 
their kind. We may, for our own purposes, and in our minds, consider 
their kinship apart from their individuality, but this does not show 
that they are separable in fact. Living beings do not exhibit unity 
and diversity, but unity in diversity. These are not two facts, but one, 
and the separation is in our minds, or our words, and not in nature. 
The delight of intimate acquaintance with animals is due to the in¬ 
separableness of their specific unity from their individuality, and our 
attempts to separate, in our minds, what is not separable in fact, 
lead us to two narrow and partial views of the facts, two crude and 
imperfect mental concepts, neither of which corresponds to anything 
in nature. 

All this is familiar, but I ask you to reflect upon it; to decide for 
yourselves whether it does not mean that inheritance, or resemblance 
to ancestors, and variation, or difference from ancestors, are only 
imperfect mental concepts, crude ideas, and not facts; whether the 
fact is not the individuality in kinship of living beings. Each of you 
must answer this simple question for himself. I cannot regard them 
as facts, since they seem to me to be only imperfect ideas of facts; 
mental states which we have reached by fixing our attention upon 
a partial and uncritical view of our sensations and perceptions, to the 
neglect of that which has not interested us nor seemed to concern us. 

If you agree with me that resemblance to ancestors does not exist 
in nature apart from individuality or difference from ancestors, that 
inheritance is not a fact, but only an imperfect idea of a fact, admitting 
of correction and improvement by comparison with nature, and in 
no other way, — if you agree to this, what becomes of the notion of 
a substance of inheritance? There is, no doubt, a material equivalent 
for every idea, but the material equivalent for the notion of a sub¬ 
stance of inheritance is in the brain of the speculative philosopher, 
and not in germ-cells. St. Paul says faith is the substance of things 
hoped for, the evidence for things not seen, but in science the evi¬ 
dence for things not seen is to be sought by using our eyes, and I can 
discover no basis for the notion of a substance of inheritance except 
faith, because inheritance seems to me to be a term to designate a 
narrow and imperfect view of facts, and not itself a fact. 

I hope you will not accuse me of opposing the scientific study of 
inheritance and variation, for nothing is farther from my thoughts. 
The resemblances and differences between ancestors and descendants 
are as worthy of study as arithmetic, which has been of inestimable 
value to mankind, although there is, in nature, no quantity without 
quality. AYe cannot make any progress in natural knowledge without 
fixing our attention upon some narrow and imperfect view of nature, 
to the temporary neglect of that which does not interest us, but things 
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do not cease to be because we ignore them. The paradoxes into which 
the biologists fall, in their efforts to locate the substance of inherit¬ 
ance, remind me of the perplexity of the school-boy, who, having tried 
to add together six cows and nine horses and four apples, wonders 
whether the result is horses or cows or apples. If he were to attribute 
the virtue of arithmetic to a substance of numeration, and to wonder 
whether it resides in apples or in cows, he would be still more like 
those who speculate about the location of the substance of inheritance. 

If you choose to declare that my contention that inheritance is not 
a fact is a metaphysical subtilty, I cannot help it. Call me a metaphy¬ 
sician if you will. Hard words cannot hurt me, nor need they scare 
me. But may it not be the speculative zoologist, who hunts in germ- 
cells and in chromatin for the material support of the imperfection 
of his ideas, who is the real metaphysician, and not I, who plead for 
nothing but the correction of our judgment, and its reduction to 
exactness, by comparison with nature? 

Some embryologists tell us that all the cells that enter into the 
structure of a multicellular organism are inherently identical with 
each other, and with the fertilized egg. in their constitution, and in 
the possibilities of their development. Each, we arc told, might have 
replaced any other if it had been exposed to the same conditions, and 
might have become a germ-cell under proper conditions. According 
to this view, cell-division is always division into parts that are iden¬ 
tical with each other, and with the cell that gave rise to them, and it 
is only because they are exposed to different conditions that cells 
become specialized and differentiated during development, and not 
because there is any inherent difference between them. According 
to this way of looking at individual development, any attempt to 
account for it by the imaginary architecture of the germ or of its 
chromatin is idle, because the architecture of the organism does not 
exist in the germ, since it is the resultant of the reciprocal interaction 
between the germ and the developing embryo with the conditions 
of their existence. You will permit me to say that, with certain quali¬ 
fications and reservations, this view of the nature of individual 
development commends itself to me as a step in the right direction. 
The correlation between the normal development of one part of the 
body and the development of other parts is a familiar fact, lhe 
changes that take place in the habits and the plumage of certain 
birds, as the reproductive organs become functional on the approach 
of the breeding-season, are known to all, as is also the arrest of these 
changes when the reproductive organs are removed or aborted by 
disease. The awakening of the body into full and rounded perfection 
which comes with the functional maturity of the reproductive organs 
is so notable in our most familiar mammals that it has come to be 
regarded as the typical illustration of the correlation between de- 
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velopmental changes in one part of the body and similar changes in 
other parts, although this is, no doubt, an important factor in all 
development. Other well-known facts, such as the development of 
a bud into a leaf-shoot under certain conditions, and into a flower- 
shoot under others, lend support to the doctrine that there is a cor¬ 
relation between the history of each cell and its interactions with 
other cells, but the doctrine that cell-division is always division into 
like parts, and that it is the internal environment of each cell that 
calls out one of its possibilities and leaves the others latent, is not 
in itself an answer to the question why, as the egg develops into 
an embryo, its cells find themselves in a little world of their own 
making, which is so much like that in which their ancestors developed 
that the end-product is an individual fitted for the normal life of its 
kind. 

This seems to me to be the real problem of embryology. The ex¬ 
ternal world of a hen’s egg in an incubator is the same as that of the 
duck’8 egg beside it. So far as the duckling and the chick owe their 
fitness for the world into which they are to be born to mechanical condi¬ 
tions, they must owe it to conditions which they find within the egg, or 
make there for themselves, through their own activity as living beings. 
So far as the nutritive and chemical changes that go on in the hen's 
egg, the effects of gravity and pressure, of the interaction of cell and 
cell, of organ and organ, are more like those under which ancestral 
hens developed than they are like those under which ancestral ducks 
developed, this must be due to a characteristic difference between 
the interactions of a chick and those of a duck. While it is, no doubt, 
in the interaction between the living organism and the world around 
it that life consists, this does not, in itself, tell us why the internal 
environment of the cells of the developing chick is so much like that 
of ancestral embryos that the end-product is fitted for the life of 
fowls. 

The hypothesis we are considering is inadequate in so far as it fails 
to consider the truth that the development of the chick, or that of 
the human infant, or that of any other organism, is a preparation for 
a test that is to come later, in the struggle of life: since the most 
significant fact in the reciprocal interaction between the developing 
organism and its environment is that it is a preparation for its inter¬ 
action, at a later period, with an environment of competitors and 
enemies. So far as the origin of an individual organism, fitted for the 
tate of life into which it is to be born, is in question, the orderly 
unfolding, by the interaction between a germ and its internal environ¬ 
ment, of all the stages which made up the ancestral environment for 
epigenet ic development, in due succession and order, seems to be more 
like evolution than epigenesis, unless, indeed, there is something in 
this interaction which we have not yet considered. Unless we can find 
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an epigenetic explanation of the specific constitution with which the 
germ begins its development, I do not see how we can account for the 
facts of individual development from the standpoint of epigenesis. 

The hypothesis we have been considering has much to commend 
it, and it is, no doubt, a step in the right direction. Inasmuch as it 
emphasizes the familiar truth, so often forgotten by speculative zoo¬ 
logists, that a living being is no metaphysical abstraction, no self- 
sustaining, self-sufficient entity, no thing in itself, but a natural body 
in a natural world, of which it is a part, and with which it is in continual 
reciprocal interaction, — so far as it carries our vagrant minds back 
from metaphysics to this great scientific truth, — it seems to me to 
be altogether good; for the amount of idle speculation which has 
sprung from neglect of this truth is appalling. I ask your attention 
to it because I shall have more to say about it. It has been a familiar 
thought with me for nearly thirty years, not because of any original¬ 
ity of my own, but because I learned it from the study of the Origin 
of Species. I have lost sight of it now and then, amid the paradoxes 
and perplexities of speculative biology, but I have found them to 
vanish like mist before the wind so soon as I recalled it; so I ask you 
to bear in mind, at least for the rest of my hour, that a living being 
is no self-sufficient whole, but a natural body which is part of a 
natural world, and that this truth is no metaphysical subtilty, but 
a fact. 

So far as it insists upon, and is based upon, this important truth, 
the hypothesis we have been considering seems to me to be sound 
and valuable. Inasmuch as it fails to consider the truth that indi¬ 
vidual development is a preparation for the struggle of life, it seems 
to me to be only a partial and imperfect account of individual de¬ 
velopment. 

It is not the only view that has advocates. You know what a prom¬ 
inent place In literature the doctrine of germ-plasm has held. Accord¬ 
ing to this doctrine, individual development is the unfolding of the 
organization that preexists in the germ. With qualifications which 
need not detain us, it is the doctrine that the species resides, in its 
completeness, in no cells except germ-cells, and that differentiation 
is due to the differential distribution of the substance of inheritance, 
each cell being held to receive only so much of this substance as bears 
its hereditary qualities and those of its predestined descendants, *'o 
far as it deals with individual development, its essential feature is the 
definitiveness of cell-division, for it is based upn the opinion that the 
ordinary tissue-cells are utterly and completely cut off from posterity 
because no cell except a germ-cell contains all the hereditary qualities 
of the species. 

I 6hall not discuss this doctrine in detail, because it seems to me to 
arise from neglect of the truth that neither a germ-cell nor any other 
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cell is a self-sufficient whole, and because I cannot conceive how a 
new species can arise if this view is well founded. As is a tissue-cell 
to a germ-cell, so is a germ-cell to ancestral germ-cells. If tissue-cells 
are out of the line of descent to new generations, and predestined for 
their parts in individual history, so must germ-cells be predestined 
for their parts in ancestral history, and out of the line of descent to 
anything strictly new; but the notion that the conduct of the breeder 
of carrier-pigeons and fantails and tumblers was predestined in the 
germ-plasm of the rock pigeon carries Calvinism to giddy heights that 
I cannot scale. 

Other zoologists tell us that, since the germ-cell is formed by a pro¬ 
cess which may be regarded as modified fission, it is fundamentally 
symmetrical with the body that produced it, and its axes and poles 
coincident with those of the parent, so that it is practically equivalent 
to a complete organism from the first, so far as its stereometry or 
promorphology is in question. This doctrine may, perhaps, rest on a 
basis of fact, but it gives no account of the stereometry of the parent. 

Others, who agree that the organism is a unit, a complete whole, 
a specific being, from the egg onwards, assert that, while cellular differ¬ 
entiation may enable us to infer organization, it is a serious error to 
regard it as the measure, or the means, of organization; that the egg 
is young organism, and not a mere germ that is to become an organ¬ 
ism; that there is no qualitative or essential difference between an 
unicellular and a multicellular organism, between an unicellular 
germ and the being that arises from it; and that, while complexity 
increases as development progresses, division into cells is not the 
means, but only the indication of its progress. There seems to me to 
be a basis of truth for this doctrine also, but when its advocates tell 
us that the species is contained in the hen’s egg as completely as it 
is in the hen, their words seem to me to be meaningless, because I 
have learned from Darwin that the species is neither in the egg nor in 
the hen, since it is in that reciprocal interaction between the living 
being and the world around it which I have learned to call the struggle 
for existence. 

Thus the current literature of embryology brings us back to the 
question we had agreed to lay aside, whether development is inherent 
in the egg or induced by the conditions of its life. 

It may interest you to know what an old question this is. More than 
two hundred and fifty years ago, that great man of science, William 
Harvey, declared his intention to “seek the truth regarding the follow¬ 
ing difficult question : Which and what principle is it whence motion 
and generation proceed? Whether is that which, in the egg, is cause, 
artificer, and principle of generation, innate or superadded? Whether 
is that which transfers an egg into a pullet inherent of acquired? 
In truth,” says he, “there is no proposition more magnificent to 
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investigate, or more useful to ascertain, than this: How are all 
things formed by an univocal agent? How does the like ever gen¬ 
erate its like? Why may not the thoughts and opinions now preval¬ 
ent many years hence return again, after an intermediate period of 
neglect?” 

Summing up the results of his investigation of this magnificent 
proposition, which occupied him for many years, he says: “It appears 
clear from my history that the generation of the chick from the egg 
is the result of epigenesis, and that all its parts are not fashioned 
simultaneously, but emerge in their due succession and order. For 
the part that was at first soft and fleshy, afterwards, without any 
change in the matter of nutrition, becomes a nerve, a ligament, a 
tendon; what was a simple membrane becomes an investing tunic; 
what had been cartilage is afterwards found to be a spinous process of 
bone, all variously diversified out of the same similar (homogeneous) 
material.’' 

It is more than two hundred and fifty years since this proof was 
given that, so far as it is discoverable by our senses, individual de¬ 
velopment is epigenesis, or new formation, and not the unfolding of 
the preexistent; yet, dissatisfied with facts, we go on hunting, with 
what we call our mind’s eye, for an invisible substance of inherit¬ 
ance, holding that development must be evolution in essence, however 
epigenetic it may appear to sense. 

If I venture, at this late day, to point out that ancestral develop¬ 
ment may be as epigenetic, from beginning to end, as individual de¬ 
velopment, and that the species for which we are seeking is not, and 
cannot be, in the germ, I do so because this proof is neither new nor 
original with me. It is so old that many “up-to-date” zoologists 
tell us it is antiquated, abandoned, no longer worthy the attention of 
advanced thinkers. 

According to this view, the species is not in chromatin, nor in 
germ-cells, nor in differentiated cells, nor in living beings at any stage 
of existence, nor in the conditions of existence, because it is in that 
reciprocal interaction between the organism and the rest of the natural 
world which has been called the struggle for existence. Neither the 
stability of species nor the mutability of species is in living beings, 
because it is through extermination in the struggle of life that the 
type is kept true to its kind, and also through this struggle that it 
becomes changed. 

You will note that it is as great an error to locate species in the 
external world as it is to locate it in germ-plasm. It neither exists 
in the organism nor in the external world, because it is in the recip¬ 
rocal interaction between the two. The biological types, of which 
those who call themselves statistical biologists tell us, are neither 
external standards to which living beings approach and from which 
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they recede by variation, nor are they standards fixed in living 
beings by inheritance. 

No two objects, alive or dead, ever are exactly alike, and as we 
all know that life is a struggle, and admit the diversity of nature, 
neither the stability of species nor the mutability of species is any¬ 
thing more than we might expect. Inheritance and variation are 
not two things, but two imperfect views of a single process, for 
the difference between them is neither in living beings nor in any 
external standard of extermination, because it is in the inter¬ 
action between each living being and its competitors and enemies 
and sources of food and other necessaries of life.. It would be idle 
to seek, within the germ, or in the conditions of its existence, for a 
principle of inheritance, or for the cause of variation, bepause species 
is in the interaction between the organism and its environment. 

The specific stability of a growing embryo is no more separable 
from its individuality than the height of a man is separable from 
the man. We can think of the height of men without thinking of 
the men, and we can tabulate statures and treat them by statistical 
methods, but, while we may, for some purpose that we have in 
view, withdraw' our attention from the men, each height still remains 
the height of an individual and particular man. So, too, w'e may 
tabulate the differences between animals without thinking of their 
kinship, or we may tabulate their resemblances without thinking 
of their individuality, but this is no more reason for thinking 
inheritance and variation are two things than for thinking a man 
and his stature are two things, or for thinking the head of a man is 
anything else than a man’s head. 

Individual dogs are more like other dogs than they are like any¬ 
thing else in nature, and yet one dog is different from another. Is 
there any reason for thinking the case of cells is any different? 
Daughter cells may be different, even when they are more like each 
other than they are like any other cell. The difference between 
homologous twins and ordinary twins, or puppies of the same litter, 
shows that germ-cells are not identical, and this is showm, still more 
clearly, by experiments like those of Mendel. The fact that cells 
are different is no more proof that they are specifically differen¬ 
tiated than the difference between dogs is proof that the races of 
dogs were foreordained. 

Cell-division may be neither integral nor differential, for the 
sameness, or kinship, of cells is not philosophical or abstract identity, 
but practical equivalence in the economy of the organism. When 
we say two cells are the same in substance, I cannot discover 
that we mean anything more than our meaning when we say the 
report of a conversation is the same in substance as the original 
conversation. 
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Cell-differentiation is neither inherent in germ-cells nor induced 
by the conditions of existence, because it is in the reciprocal inter¬ 
action between them. They who seek it in germ-cells or in chro¬ 
matin forget that these are not self-sufficient entities, but parts 
of the natural world. They who seek it in the conditions of exist¬ 
ence forget, or fail to perceive, that development is a preparation 
for a test that is to come later in the struggle of life. 

The reciprocal interactions that are characteristic of normal de¬ 
velopment are of a very peculiar sort. They are not merely actions 
and reactions, but responses or answers, and I ask you to consider 
what this word means, because experimentalists often content 
themselves with a very imperfect concept of its meaning. 

If I kick a dog, his actions are not ordinary reactions. They are 
preparations for meeting the further violence of which the kick is 
a warning. Events do not take place anyhow and at random in 
nature. They are so related to each other that each is a sign of 
others that may be expected in course of nature, and for which 
scientific knowledge helps us to prepare, but it is the preparation, 
and not consciousness of it, that is useful. When a chick hears the 
warning cry of the hen it runs to her for protection from the threat¬ 
ened danger, although it may not know the source of danger, nor 
even what danger is. There is a relation, external to the chick, 
between the warning cry and threatened danger, and the effect upon 
its bodily machinery of the warning is an act which is suited for 
escaping the danger of which the warning is the sign. Since the 
danger is not discoverable in the structure of the chick, experiment¬ 
alists are apt to ignore this characteristic of responses, that which 
makes them responses and not ordinary reactions; but neither the 
warning cry nor the danger is to be found in the chick, yet the 
stimulants which bring about vital responses are thought worthy 
of study. The ability of the chick to make responses does not re¬ 
strain it from aimless or injurious acts. Its fitness is not abstract 
or metaphysical, but practical. It may escape danger by means of 
its mother’s warning, or it may be drawn into danger by an imita¬ 
tion of it, but the bird that falls into the net of the fowler is blotted 
out of history. Natural selection is not an agent who does things, 
but a general word for formulating the struggle of each individual 
for existence, and the survival of the fittest. There is nothing 
general or abstract in this struggle, for it is preeminently private 
and particular. We speak of the struggle for existence; but my 
struggle has not been like yours, and the struggle for existence is 
only a formula. SjM 2 cies have come about according to but not 
because of or by means of the principle of the survival of the fittest , 
for a formula can do nothing. The fitness of living beings is not 
ideal or abstract, but private and particular. We say an animal is 
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fitted for its place in nature, although it is clear that the fitness is 
not in the organism, but in its interaction with its environment. 
It is dependent and relative fitness, for an external change may 
make unfit what before was fit. 

So far as the development of an embryo is a preparation for the 
struggle of life, it is like the preparation of the kicked dog for further 
violence. This struggle is in no way incompatible with the genera¬ 
tion of sports and mutations and monsters and abortions and fail¬ 
ures, but it is incompatible with the survival of those that fail in 
the battle of life. 

What is true of development as a whole is also true of its suc¬ 
cessive stages. So far as the interaction between each cell and 
the internal conditions of its existence is a response to or a prepara¬ 
tion for the next step in development, by changes of the same 
general character as those that take place in the reproductive 
organs of the bird and modify its plumage, and so far as the sum 
of these changes fits the embryo for the state of life into which it is 
to be born, it may survive and have descendants, but the embryo 
that docs not follow substantially the same course of development 
as its allies is cut off from history. 

Since the germ-cells produced by an organism are, on the average, 
more like those that produced it than like any other germ-cell, they 
tend to follow a course of development which is practically but not 
exactly the same. Since the struggle for existence is no philosophical 
abstraction, no generalization, but a practical matter of personal 
experience it does not dejiend, in any way, upon the causes or upon 
the origin of the differences between the organism that survives 
and the one that fails. It is therefore perfectly compatible with 
the evidence that the germ-cells and the other cells of the body are 
practically alike, and that the differences between them are not 
inherent, but relative to and dependent upon the conditions of their 
existence; nor is there any incompatibility between it and belief that 
all cells and all organisms are practically so much alike that a new 
animal kingdom might arise, in course of time, from a germ-cell of 
any modern organism. 

»So far as the germ-cell from which the new being arises, and the 
cells that compose the tissues and organs of its parents, and the 
germ-cells from which the parents arose, are practically alike, and 
so far as the development of the new organism goes on under con¬ 
ditions which are practically the same, on the average, as those 
under which parents developed, the resemblance of child to parent, 
which theories of heredity attempt to explain, is neither more nor 
loss than we might expect, and there is no problem, because all 
experience teaches that similar bodies act and react in the same 
way under similar conditions. 
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The doctrine that individual development is due to the reciprocal 
interaction between the embryo and its internal environment is 
inadequate, but when it is joined to the doctrine that ancestral 
development is due to the reciprocal interaction between the living 
being and its environment of competitors and enemies, it seems to 
me to give an outline of an epigenetic account of both individual 
development and ancestral development: an outline which it will 
require generations of investigators to expand and perfect. In view 
of this, is it not time to have done with the pre-Darwinian meta¬ 
physical notion of species as something that resides in living beings 
and is handed down by a substance of inheritance? 
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Any science is far along on its road of progress when it lias clearly 
defined and correlated its problems, and laid firm hold on the methods 
by which these may be most effectively worked at. By its problems, 
I do not mean its few largest, most nearly ultimate ones alone, but 
as well its numerous lesser ones. And by its methods I have not 
in mind its laboratory processes only; but as well its intellectual 
methods, its ways of handling data, of applying principles, and 
especially its attitudes of mind. 

Biology regarded as a science, rather than as composed of numer¬ 
ous more or less closely related but still indejiendent sciences, is 
rather far behind the other physical sciences when looked at from 
this point of view. Its rearward position is the inevitable conse¬ 
quence of the prodigious complexity of the biological field, and of 
the recency with which it has come into possession of its great 
unifying generalizations; and I do not advert to its status with 
the least suggestion of derogation from the splendor of its achieve¬ 
ments, but to emphasize the wisdom of having an occasional “round¬ 
up,” as we Westerners would call it, like the present, from our many 
so widely scattered grazing-grounds. The daily work of the cytologist 
and the paleontologist, for example, are so wide apart that these 
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co-workers are ever prone to forget that they in reality belong to 
the same fold. 

Just here I must take exception to the notion, too widely current, 
and sanctioned by the place given paleontology in the arrangement 
of departments and sections for this Congress, that the science of 
extinct animals and plants belongs to geology rather than to bio¬ 
logy. Whatever else paleontology may be, it is first and foremost • 
a department of biology, and is one of its most distinctive and 
important departments. And while I am in the business of crit¬ 
icising the programme, I must mention another matter, less, how¬ 
ever, in the way of fault-finding than for defining or explaining 
my own attitude toward the topic to which I am assigned. In the 
division of Biology we have sections of Embryology and Com¬ 
parative Anatomy. This is in accord with the best views and the 
best practice; but from my standpoint it is impossible to separate 
the two, and I cannot consent to discuss the relation of compara¬ 
tive anatomy to biology, and limit myself to the narrower under¬ 
standing of the term; t. e., to the conception that it has to do with 
adult structure alone. I must treat it as extending to the later 
6tages of development at least. 

It may be remarked here that I do not count myself a profes¬ 
sional comparative anatomist, but rather a zoologist. My working 
interests are about as follows: comparative anatomy, in the sense 
above indicated, as furnishing the tools; and general biology as 
furnishing the standpoint and larger motive for my profession as 
a zoologist. 

As a final preliminary to my task proper, I must preach a little. 
This I do with reluctance, because for preaching, except by those 
called and ordained to the business, I have little taste. But the need 
being urgent, and the occasion opportune, I proceed, with at least a 
show of boldness, to preach. The theme of my sermon is a plea for 
greater catholicity of spirit among biologists. Would that we might 
never again have hurled at us throne utterances, as it were, on the 
all-sufficiency of such and such a new method of research; or of 
the utter uselessness of such and such an old method; or, again, 
on the all-absorbing importance of some newly found problem, and 
the unimportance, even insipidity, of other old problems. True, the 
biological domain is boundless, and the workers in it are human, and 
hence narrowly limited in power of individual accomplishment. 
But limitation in strength does not necessarily mean smallness of 
spirit. 

Let not the guilt be on our heads (and by our I do not mean the 
other fellows’) of dissuading beginners from going into some particular 
line of work, embryology or histology, for example, because "it is 
dead,” or there is "nothing more in it.” And don’t let us cocaine 
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the ambition of a fellow worker in morphology or taxonomy, for 
example, by such questions as “who cares for such matters? ” 
Attitudes of mind like this do harm, lots of harm. They harm in¬ 
dividuals, and they harm science. They are off the same piece with 
pathies in medicine; and “pathies” are bad everywhere. Scientific 
work done in the “ pathy ” spirit is pretty sure to be top-heavy and 
lop-sided; and the scientific man who cultivates a piece of scientific 
ground in this spirit is quite sure to run off and leave it for some 
other new piece before he has really found what it will produce. 
It seems as though we American biologists are rather more given 
to fashion in our scientific tastes than are those of other nations, 
though the frailty is by no means a national trait. Think how the 
phylogeny fashion prevailed a decade and a half ago, and note how 
strange and alone one looks now who dares be found busying him¬ 
self with questions in this field. One might about as well be seen 
at an evening ball in a Norfolk jacket as to venture to touch a ques¬ 
tion of phylogeny in the presence of an up-to-date biological com¬ 
pany. And yet who would soberly contend that problems in this field 
are without importance, or are all solved, or are insoluble? And 
the so-called morphological method, why had it such vogue some 
years ago, and why is it so ignored now? What has become of 
cell-lineage? Have all the extremely interesting questions that were 
attracting so much good work a few brief years ago been settled? 
Why do we hear only an occasional voice from this realm now? 
How long will it be before the field of regeneration, now so bustling 
with life, shall be as lone as the temples of Paestums? Judging from 
history, long before its problems have been solved. How long will 
biometry remain in its present high favor? Let us sincerely hope 
that it will for many and many a decade; while, however, we must 
expect, relying on history as a guide, that it will soon have to take iN 
place in the garret with the many other out-of-date garments. 1 1 he 
burden of my complaining is not at all that we strike out on new 
lines of work and new methods, and this with enthusiasm and 
vigor; but that we do this with too much narrowness, with too 
much contempt for the older problems and methods, and, above 
all, that we go off and leave them for still newer things before they 
have been thoroughly tried out. Not only breadth of training, 
but as well breadth of spirit, is an imperative demand in any science. 
With benediction on the preached word, we may turn now to com¬ 
parative anatomy. 

One can hardly take up seriously such a question as that of the 
place comparative anatomy holds now, and in the future is likely 

1 Since my arrival in St. Louis, I have l*ocn told hv an American acquaintance 
recently returned from Europe that u well-known leader of a school opened a few 
months ago is expressing the view that " hiologv ought to be fumigated of statist¬ 
ical method.” 
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to hold in biology, without turning an eye searchingly to the past. 
If this be done, one’s general conclusions cannot escape being 
largely influenced by what he finds there. When it is found, for 
example, how many of the largest, most securely established dis¬ 
coveries and generalizations in biology have been reached through 
comparative anatomy primarily, the general notion becomes strong 
that the subsidiary science, that in the past has contributed so 
largely to progress, will continue to be potent in the future. The 
presumption, at least, this way is strong. It is not my office to 
review history here, but a few instances will be allowable as giving 
cogency to the present point. The discovery of the circulation of 
the blood is usually and justly regarded as a physiological one; yet 
it is noteworthy that, although Harvey made abundant use of both 
the experimental and the quantitative methods of research, he still 
almost always speaks of himself as an anatomist; and the great 
store he placed on comparative studies is well known. “Had anat¬ 
omists only been as conversant with the dissection of the lower 
animals as they are with that of the human body,” he says, “the 
matters that have hitherto kept them in a perplexity of doubt 
would, in my opinion, have freed them from every kind of diffi¬ 
culty.” And the thoroughgoing way in which his practice accorded 
with his theory, both in his studies on the circulation and on gener¬ 
ation, is well known to all familiar with his work. 

To Malpighi more than to any earlier biologist belongs the honor 
of having recognized some of the fundamentally unifying phe¬ 
nomena and principles of the living world as a whole. This he did, 
more than in any other way, through his comparative researches 
on plants and animals, particularly on marine animals, during the 
years of his incumbency of a chair of medicine in the U niversity 
of Messina. 

The true interpretation of fossils, begun by the Dane, Nicholas 
Stensen, a man remarkable, even in a period so remarkable as that 
of the mid-seventeenth century, and carried to such brilliant frui¬ 
tion by Cuvier, was, you will recall, strictly a matter of application 
of the data and principles of comparative anatomy. So one might 
go on almost indefinitely, instancing epochal advances largely 
contributed to by .comparative anatomy, in aspects of biology not 
themselves usually counted as belonging to anatomy at all. 

The first point of significance of comparative anatomy for bio¬ 
logy I am going to notice is that of its value as a discipline, or, more 
strictly for my present aim, as furnishing a point of view. Be it 
noted that the biological habit of mind, or point of view, whatever 
be the phrase that best expresses it, is, as all will agree, essential 
to healthy enthusiasm and sound accomplishment in biological re¬ 
search; and that this must come through training in and the cul- 
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tivation of the various provinces of biology. Biology is indeed a 
science, though only from the point of view of its fundamental 
principles and ideas, not from the point of view of the materials 
which it furnishes to be actually worked upon. One cannot be a 
biologist practically, excepting through some of its subdivisions. 
Now in my opinion there is no single sub-science of the whole bio¬ 
logical realm that contains in itself so many of the elements fitted 
for giving the biological point of view as comparative anatomy. 
And it seems to me that particularly now, when so much import¬ 
ance is rightly being placed on the experimental and statistical 
methods of research, it needs to be strongly emphasized that as a 
method or instrument of research it is the fact of comparison that 
has given and ever must give anatomy its great significance. Right 
here is one of the points at which my plea for catholicity comes 
strongly to the front. Some workers in fields recently become 
so full of promise and so enticing are actually assuring us, in the 
morning glow of their day of promise, that the comparative method 
is impotent, and that the future of biology is committed wholly to 
these new methods! It is assuring, however, to note that a dis¬ 
tinguished leader in one at least of the new schools does not hesitate 
to condemn this sort of thing in harsher terms than 1 have felt like 
using. 

I would especially mention the importance of comparative ana¬ 
tomy in the preliminary training of medical students. If there be 
any biologist above all others for whom the biological point of view 
is of consequence to the general good, that one is the physician. 
But if the physician is to attain this point of view, he must do it 
by some other route than his strictly medical studies. It cannot 
be reached by the study of any single kind of organism. In tin* 
main, then, the preliminary training of the prospective medical 
student must be relied on for gaining the desired end. This is not 
the place to discuss the matter, but I have reached the conviction 
that in the United States, at least, that part of the preliminary 
training of medical students which pertains to the higher voiie- 
brates is, in a majority of our universities, defective. I believe we 
are drilling on the single type, mammal, too exclusively, and to the 
sacrifice of what would be practicable and of much greater value 
in the comparative anatomy of higher vertebrates, the mammals 
particularly. 

The place of comparative anatomy in biology that may stand 
second in our presentation is that of its significance for systematic 
zoology; or, in the restricted way in which I shall be obliged to 
treat this head, its significance for determining affinities of the 
larger groups of animals. There can l>c no doubt that some of the 
most important, though at the same time most difficult, of biological 



328 


COMPARATIVE ANATOMY 


problems are here. It is probable, too, that fruitless theory has 
reached its climax in this field. That paleontology is the court of 
final appeal here for every case that can be carried before it there 
is no question. Since, however, a class of cases is ever on hand 
that can never be taken to this court, I propose to make these 
the centre of consideration, with the understanding, though, that 
most of the general conclusions set forth have application more 
or less strictly to other cases as well. I have in mind the problems 
of the relationships between the primary divisions of the animal 
kingdom. 

It is well to remind those disposed to value lightly efforts to 
trace phylogenies through morphology and embryology that if 
we are ever to know the interrelationships of the primary sub¬ 
divisions of animals, the knowledge will have to be gained from 
these sources. A well-known paleontologist has lately remarked 
that “Perhaps the most disappointing element in paleontological 
results thus far is the lack of all information concerning the origin of 
the great subkingdoms, or phyla, of animals.” (Woodward, 1898.) 
These results, or rather lack of results, ought not to be counted 
against paleontology, for, as we now see, paleontology should never 
have been held responsible for this task: That science is, of course, 
able to say almost nothing about extinct animals that did not possess 
hard, imperishable parts. Now, looked at comprehensively, the 
evidence of paleontology, morphology, and of embryology concur in 
support of the belief that the phyla of the animal kingdom all had 
their origin in ancestors much simpler and smaller than any repre¬ 
sentatives of these at present known to us, in ancestors so small and 
simple, in fact, that preservable hard parts had not yet arisen. A 
well-established skeleton, even of a simple type, must be regarded 
as always marking a comparatively advanced state of evolution. 
Thus, even such simple representatives of the ccelenterata as Dycto- 
rema or Diplograptus of Hallfrom the Silurian must be supposed to 
have but gradually acquired a sufficiently chitinous hydrotheca 
to enable them to leave even such remains of them as we have; and 
consequently, that they must have had a long line of ancestors 
about which paleontology can never expect to get much direct 
information. Similarly with the actinozoa, all the evidence we have, 
both from comparative anatomy and from embryology, leads to 
the unequivocal conclusion that the coral-producing members of 
the class acquired the skeleton now so characteristic of them only 
after a long evolutionary course. Or consider the mollusea. Which¬ 
ever of the two prevailing theories of the origin of the phylum be 
favored, constant and characteristic as is the shell, and early as is 
its appearance in ontogeny, there is no possibility of its being a 
really primitive structure. In other words, the evolutionary career 
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of the phylum was a long one before this character was acquired. 
If the turbellaria-like ancestry be the theory advocated, then the 
evidence from comparative anatomy is positive that the shell is a 
comparatively recent acquisition. On the other hand, if the trocho- 
phore theory be defended, the interpretation of the shell, so well 
stated by Korsheldt and Heider (1900, vol. iv, p. 323), would un¬ 
questionably have to be adopted. ‘‘The very early rise of this 
organ (the shell gland), which may in a few cases be found even 
before the trochophore form fully develops, must be regarded as a 
shifting back to an early period of the embryonic development of 
this feature, which was only a recent acquisition.” 

So we might go through nearly the whole list of the fundamental 
types of animal organization and show the extreme improbability, 
if not the impossibility, that their earliest ancestry will ever be 
accessible to the paleontologist. 1 This view is of course only the 
rigorous application of the “ Law of the Unspecialized,” apparently 
first definitely formulated by Professor E. D. Cope. That this prin¬ 
ciple has not been sufficiently recognized at all times by morpho¬ 
logists there is no doubt. The effort to make out the transformation 
of a Limulus-like arthropod into a marsipobranch-like vertebrate 
can but be regarded as one of the most extreme cases of disregard 
of the principle. 

It may be held as practically certain that paleontology will never 
be able, by direct discovery, to bridge the gaps between any oj the phyla 
of animals. All it will be able to do in this direction will have to bo 
by inference, and when resort is had to this method, paleontology 
is worse off than comparative anatomy, since the range of its avail¬ 
able data for any particular problem is less. The paleontologist 
must rest his case on the testimony of a single organ system, the 
skeletal, while the morphologist has at his command all the systems 
of organs. True it is that frequently the testimony of the different 
systems is so conflicting that the difficulty of balancing it up ami 
deciding just what the total signifies is exceedingly great; and m 
such cases the morphologist is somewhat prone to feel that he has 
too much, or, rather, too many kinds of evidence; that he could 
do better could he be rid of some of his facts. But. of course the 
paleontologist’s seeming advantage here is of a perilous sort. It is 
similar to that of the systematist's. whose species of plants or 
animals are beyond question so long as he does not have too many 
to fit into his descriptions. Since, then, it is by the morphological 

1 I do not forgot in this connection the extremely interesting 
in recent years on fossil remains of soft tissues, as for example, of < , N ' c . t ) 

and of striated muscles (Dean. 1902). It is. however, hardly conceivable that 
remains of this sort will ever be found in sufficient abundance ion of 

preservation to make them of real importance in the solution of phylogcnic 
problems. 



330 


COMPARATIVE ANATOMY 


and ontogenetic routes, or not at all, that we must make the passage 
from phylum to phylum, we are bound to do the best we can with 
the data we have. 

One experienced with some of the problems in this field, and like¬ 
wise acquainted with its literature, must be impressed by the lack 
of general guiding principles of procedure; and especially by the 
lack of criteria for estimating the value of evidence. Several bio¬ 
logists have felt this, and have made praiseworthy attempts to fill 
the needs. Among these should be especially mentioned Gegen- 
baur, Cope, Dohrn, E. B. Wilson, Montgomery, and Gaskell. I 
desire to devote some attention to this topic. The time being so 
limited as to make it impossible to treat it with any measure of 
fullness, I merely pick out some of the points that seem to me of 
most immediate importance for the present state of progress, and 
tendencies without special regard to their logical order or their 
coherence. 

(a) My first point is one of professional delimitation, and attitude 
of mind, rather than of general biological principles. I state it thus: 
ll'c must cease to be embryologists as distinguished from anatomists 
when it comes to any particular problem of affinities between 
groups of animals. Montgomery (1902, p. 225) has recently said: 
“As to which of these methods is the more correct has been and 
probably will continue to be a question of dispute. The compara¬ 
tive anatomists maintain one side, the embryologists another, and 
probably because the former are less conversant with the facts of 
embryology, and the latter with the facts of adult structure.” I 
suppose this statement of the present attitude of embryologists and 
anatomists toward one another is true; and I am absolutely sure 
that so long as it is, we shall not touch solid ground for our general 
conclusions. What I would insist on is that there is no sufficient 
reason why it should be so. 

True, no one can compass in his personal investigations the whole 
range of both embryology and comparative anatomy, but that is 
in no wise essential. All that is necessary is to redraw our lines of 
specialization. Instead of drawing them around masses of facts 
and through problems, as is so frequently done, they must be drawn 
around problems, and throuejh, if necessary, masses of data. There 
is no reason why a zoologist should come to what he would regard 
n< a final opinion on the relationship, for example, of the mollusca 
and annelidn without having himself examined with equal thorough¬ 
ness the facts of both anatomy and embryology bearing upon the 
quest ion. 

Having reached a position where we might use the facts of devel¬ 
opment and adult structure with equal facility and equal favor, 
we should certainly find that in nearly every problem of phylogenv 
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development must be relied on for light in certain places, whereas 
adult structure will be the safer guide in others. Fifteen years ago 
Gegenbaur said, speaking as a comparative anatomist: “Ohne die 
Kenntniss des letzeren [t\ e., adult structure] wie die Anatomie ihren 
darstellt, wiirde die Ontogenie sich auf gleichom Wege befinden, 
wie der Wanderer der sein Ziel nicht kennt.” 

More recently Driesch, and still later E. B. Wilson, O. Ilertwig, 
and others, coming at the matter from the embryological side, have 
insisted upon the importance of what Driesch has aptly styled the 
prospective value of parts of even the very early embryo, in ques¬ 
tions of homogeny. With the common truth underlying these two 
formulations firmly grasped; and with the principles of develop¬ 
mental mechanics thoroughly applied to embryology and compara¬ 
tive anatomy alike, through both experiment and the study of 
nature’s own experimenting, one might confidently predict good 
progress for the future in deepening insight into the past evolution¬ 
ary career of the animal world. 

My remaining points, more than the first, arc attempts to state 
certain general biological principles that may serve as more or less 
reliable guides in handling isolated cases. I earnestly hope, however, 
to avoid the misfortune of being understood to suppose that I have 
discovered any laws that run on by some mysterious power all then- 
own, bending the incidents of animal structure to their own ends, 
whether or no. All, of course. I am attempting is to formulate the 
concordant results of numerous widely separated observations. If 
there is anybody in the world who has reason to Ik* skeptical of the 
invariableness of laws in the realm of living things, it is the zoologist. 

(6) Mv second point, then, has to do with what was called by 
Cope the “Law of the Unspecialized; ” and also with the law or 
principle of change of function, first brought into prominence by 
Dohrn. It may be stated thus: The probability that an organ or pa, 
in one group of animals has arisen from another in another group by 
change of function, is inversely proportional to the degree of spenuhz- 
ation of the supposed ancestral organ or part. 

I cannot but believe that had this generalization been clearly 
before the minds of several zoologists who have in recent venis 
advanced theories as to the origin of various groups of animals, 
they would never have become sponsors for views with \nI nch they 
now stand credited. One may instance Dohrn’s attempt to dcri\e 
the vertebrate copulatory organs from annelid gills; and any num¬ 
ber of GaskclPs laborious efforts to show that the various organs of 
the vertebrate have l>eon derived from organs highly specialized 
for wholly different functions, in the supposed arthropod ancestor. 
The role of comparative anatomy in applying this principle * obvious. 
Grade of specialization can. of course, only 1* tested by consider- 
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ing adult structure. And while the indispensability of comparative 
anatomy is clear, it is well to note again how causal morphology 
would join hands with comparative anatomy here. To recur to the 
example of the supposed origin of the copulatory organs from gills: 
Due consideration for the functional demands of these two sorts 
of organs would lead to recognition of the extreme unlikelihood of 
the transformation of the latter into the former. 

(c) My third effort at a guiding generalization takes the follow¬ 
ing form of statement: In attempting to find the origin of a given 
type of animal organization foremost attention should be given to the 
organs and parts most characteristic of the type, since the discovery of 
the origin of these would be most decisive for the origin of the type itself. 
Thus, could the view be fully established that mammalian hair 
originated from epidermal sense buds like those found in amphibia, 
this would be the strongest sort of evidence in favor of the view 
that the ancestry of the mammals runs back to the amphibia. 
Again, this principle would dictate that search for the origin of the 
mollusca should be particularly promising in investigations on the 
phylogeny of the mantle, and the shell gland. It would seem as 
though this principle is so obvious that it should have elicited the 
regard of every student who inquires into the relationships of larger 
groups, at least; yet it is surprising to find how largely it jias been 
neglected. Theories of the origin of the chordata, for example, are, 
several of them, almost wholly wanting in any serious attempt to 
find how one of the very most characteristic things in the chordate 
type of organization, viz., the axial skeleton, arose. Of course a 
corollary to this principle would be that organs and parts merely 
occasional and incidental within a given group (unless they can be 
proven to be rudiments) can have but slight significance for the 
affinities of groups as wholes. Thus it is really surprising that an 
investigator with the store of learning that Gaskell possesses should 
have so nearly set at naught his own theory by a complete disre¬ 
gard of the principle. This author supposes, and goes to great pains 
to prove, that the tubular muscles of ammocoetes are derived from 
the veno-pcricardial muscles of limulus and scorpions. And he tells 
us this is “the strongest argument in favor of my theory.” In 
a word, the strongest argument Gaskell has in support of his view 
as to the origin of one of the largest, most distinctly circumscribed 
Phyla of the animal kingdom, rests on an obscure group of muscles 
found onl\ in the larva of one small division of this phylum! 

The importance of comparative anatomy for the application of 
this principle is likewise obvious enough. It must be the chief 
reliance for determining the constancy of a part through a series 
of animals. 

'«/) The fourth and last principle that I here present is one 
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which, while it belongs mainly to the province of comparative 
anatomy and embryology, laps farther over into the field of devel¬ 
opmental mechanics than any of the others noticed. I may say, 
too, that I have found less suggestion of it in the writings of other 
zoologists than I have of the preceding ones. I state it as follows: 
The reliability of an organ or part as evidence of genetic relation¬ 
ship is directly proportional to the unlikelihood oj its having arisen 
independently within the limits of the groups of animals being com¬ 
pared; and the test of unlikelihood of di- or polyphyletic origin of 
a part is the number of more or less distinct elements that enter into 
its composition ; or, what amounts to about the same thing, the com¬ 
plexity of the part. To illustrate: Were paleontology to discover 
structures in Silurian strata, one kind of which would be allowed 
by all to resemble closely mammalian hair, and another kind as 
closely to resemble avian feathers; and should there be an entire 
absence of direct evidence as to the creatures these structures 
belonged to, the feather-like structures would furnish stronger 
presumption of the existence of birds in Silurian times than would 
the hair-like structures of the existence of mammals in the same 
epoch; and this on the strength of the evidence itself, and without 
appealing to any collateral considerations, like, for example, the 
fact that the general course of evolution makes it probable that 
birds originated earlier than mammals. The stronger probability 
attaching to feathers would be due to the much greater complexity 
of feathers than of hairs, this making it less likely that teat hors 
should have arisen more than once. Or, again, the complexity o 
the ambulacral system of echinoderms diminishes the probability 
that such a system would have been elaborated more than once, 
and consequently its presence in any sort of an animal, however 
generally unlike any known echinodcrm, would still be strong 
evidence of kinship with the echinoderms. 

Inadequate as has been my treatment of the role of comparative 
anatomy in the investigation of problems of affinity, still 
adequately am I able to deal with its significance for oilier groups 
of problems. Its relation to the various aspects of experimental 
zoology, for instance, is intimate and vital. The best thing I ca 
say in this connection is that, were it my office to prescribe the 
qualification that should be exacted of all who would go into experi¬ 
mental morphology, for one thing I should insist upon thorough 
familiarity with Roux's Problems, Methods, ami Scope of Develop¬ 
mental Mechanics, which introduced his Arch,v to the biological 
world; and further, I would exact unqualified accord to that portion, 
at least, of the essay that sets forth the author's views concerning 
the relation of developmental mechanics to the several older bio- 
logical disciplines. 
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Certain it is that nothing fuller of promise has come into biolog¬ 
ical science for many years than the set of tendencies in ideas and 
methods of investigation that have crystallized into the expression 
“developmental mechanics.” It has sometimes seemed to me, 
though, that the alternative term, causal morphology, would have 
been more fortunate. The kernel of the thing is, as I understand it, 
search after the causes of the form of organisms; or really causes of 
morphogenesis. 

Now where does anatomy come in here? Why, in the first place, 
it is anatomy, is n’t it, that shows us what it is we are seeking the 
cause of? A rather important preliminary to explaining a thing is 
to know what we are going to explain. Anatomy, then, in the first 
place, is the source of supply, so to speak, of the very problems 
developmental mechanics proposes to solve. But has anatomy 
exhausted its usefulness in this direction when it has handed out 
the raw material of a lot of problems? By no means. The moment 
anatomy becomes seriously comparative, that moment it is on the 
threshold of causal morphology; for as soon as parts obviously 
homogeneous, but with considerable differences, are recognized in 
different groups of animals, a differential in the producing cause of 
the common part must almost of necessity be assumed by the 
observer; and since this differential will usually be closer at hand, 
so to speak, than the cause itself, it is pretty sure to stimulate 
inquiry as to what the cause has been. And even this much, general 
and vague though the effort may be, is undoubtedly on the high¬ 
road of search after causes of animal form. To illustrate: One's 
knowledge of the anatomy of the human limbs, let us say, may be 
complete; but the causes that have produced these limbs are so 
complicated and obscure, that even were he, as a human anatomist 
pure and simple, to raise the c|iicstion of how they came to take 
the form they have, the absence of even a starting-point for an 
answer would be apt to prevent an effort in this direction. But now 
let this anatomist add to his knowledge an acquaintance with 
the structure of the limbs of, say, a spider monkey. He could 
hardly escape recognizing that the difference between the limbs 
of the two animals is connected causally with the different uses to 
which they arc put by their respective possessors. In other words, 
the cause of the difference in limb structure, being relatively near 
by and simple, can hardly escape him. He is forced, almost, by 
comparative anatomy, into the way of causal morphology, or 
developmental mechanics. But we must recognize that obser¬ 
vation. however extensive and painstaking, and however faithfully 
and thoroughly it be coupled with comparison, and with reflection 
on the causal efficiency of function, of correlation, of conditions 
of development, etc., must always still fall short of direct proof of 
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the cause of the form. Conclusions from this method must usually 
be presumptive. Hence we must wherever possible call experi¬ 
mentation to our aid, for this is preeminently the method that 
yields evidence direct and immediate. But here again we must 
recognize limitations. Undoubtedly there is a wide range of form 
and structure that lies wholly beyond the reach of direct experi¬ 
mentation. How, for example, can we hope to touch, except per¬ 
haps indirectly and from afar, such a problem as that of the phylo- 
geny of mammalian teeth? It is quite possible that experiments 
on the developing teeth might be made, as, for example, by depriv¬ 
ing the embryo of salts necessary to tooth substance; or by arti¬ 
ficially altering the pressure on the incipient teeth in some of the 
marsupials whose embryonic life is largely extra-uterine. But with 
• all the necessary complexities of manipulation, and with the wide 
scope of inference that would be necessary to determine the bear¬ 
ings of the results of such experiments, I do not see that this method 
can be expected to yield results for the problem as trustworthy as 
those that may be looked for from comparative embryology. And 
the same thing must, it seems, be true of very many problems 
presented by the higher animals especially. 

I should like, did time permit, to say something on the part 
comparative anatomy must play in the, to me, wonderfully enticing 
field of animal ecology. But I must forbear. 

I may state the essence of this paper thus: From the point «»f 
view of its problems rather than of its materials and mt I hot Is <>} 
research, the great biological field is indeed one. Its essential unity 
can be realized and preserved, and these problems most effectually 
worked at, by drawing the lines of specialization around praMtm* 
rather than around masses of facts. By this procedure we •’■houl. 
be led to appraise more justly methods and facts, ami should he 
compelled to see the necessity of employing any and all «>l those 
that might help us on our way. Comparative anatomy ever has 
held, and ever must hold, both for its methods and its substance, a 
place of foremost importance in biological research. It. atong wit i 
embryology, which indeed it must include so far as concerns later 
stages of development, is one of the surest passports of training to 

the biological point of view. . 

It is of primary importance in furnishing and applying criteria 
of the value of evidence in problems of affinity, of phytogeny, and 
hence of classification. 

It is, in both its methods and substance, of great importance to 
Developmental Mechanics. 
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Like those of nearly all branches of knowledge, the first rudi¬ 
ments of comparative anatomy are as old as man himself. Ever 
since he has l>cen able to reflect and observe, even before he knew 
how to speak, man has carried on the study of the majority of the 
sciences or of their applications. He studied astronomy the day 
he noticed that the sun rose each morning at a point on the horizon 
and that it set each night at an opposite point, and that he could 
expect the repetition on following days of the same phenomenon; 
he studied arithmetic as soon as he could count the warriors of his 
tribe and the sheep of his flock; geometry when he could draw the 
boundary of a circle by means of a cord attached to a stake; phy¬ 
sics when he succeeded in lighting a fire by striking two flints or 
by rubbing together two pieces of wood; chemistry, and of the 
most delicate kind, the first time he raised bread-dough with sour 
dough of the preceding day. In the same way he began compara¬ 
tive anatomy when he gave the same name to similar parts of differ¬ 
ent beings, when he called the extremities of the horse as well as 
of the dog, ‘'feet.’' All the general terms of anatomy, such as head, 
tail, horns, hair, liver, heart, etc., have for their preliminary con¬ 
dition data of comparative anatomy, defaced and intuitive if you 
please, but dear and positive nevertheless. 

Ibis kind of rudimentary comparative anatomy, which has for 
its basis a collection of resemblances of such a nature, recognizable 
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off-hand without intellectual effort, has not progressed since ancient 
times, and persons who have not made a special study of them are, 
in this respect, at about the same stage as our ancestors of old. 

Comparative anatomy could but slowly depart from this intui¬ 
tive phase. In order to become a true science, it was obliged to 
wait until another science from which it borrows its materials for 
study, zootomy, was established. For the latter is a science which 
does not impose itself upon the attention of man. By reason of its 
utilitarian character, human anatomy, “anthropotomy,” was 
studied first, by medical men, and zootomy only by chance, for the 
sake of the aid it was able to furnish to anthropotomy by com¬ 
parison of the structure of man with that of animals. On that 
account zootomy has wrongly been called comparative anatomy, 
and even in our day some people still consider comparative ana¬ 
tomy as being only the anatomy of animals compared with that 
of man; they confound it with zootomy, which conception is most 
inaccurate. 

True comparative anatomy has for its first object the presenta¬ 
tion in another grouping of the facts of zootomy and the comparison 
of them among themselves. 

Zootomy describes the arrangement and structure of all the 
organs in each animal, and passes in review successively all animals; 
it gives a complete and concrete picture of the organization of each 
one. Comparative anatomy studies in all animals successively the 
position and structure of a given organ, and proceeds thus success¬ 
ively with all the organs; it gives a complete but abstract picture 
of the constitution of each one throughout the animal kingdom. 
It is, therefore, not creative; it only points out from another point 
of view the facts which zootomy has already made known. In that 
sense it is not, properly speaking, a science. It is not, however, 
less useful, and one is wrong to slight it on the pretext that it has 
not an independent personality in the general tableau of the sciences. 
It enlarges the views of the anatomists, determines a multitude of 
ideas, points out new aspects of things. It is the necessary comple¬ 
ment of zootomy, and no one may be a perfect anatomist, if. after 
having studied zootomy, he does not review from the standpoint 
of comparative anatomy the ideas acquired in that study in order 
to study them anew. 

This first object of comparative anatomy is not considered by 
anatomists as the most important, or as that to which this science 
owes the high dignity with which they invest it. It pursues another 
aim more elevated and more difficult to attain, but also more merit¬ 
orious: the discovery of general laws which may l>e deduced from 
the comparative study of the structure of animals. There com¬ 
parative anatomy is creative, for zootomy alone could not pretend 
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to the discovery of these laws; it becomes a true science having 
its own object. It remains dependent upon zootomy for the mater¬ 
ials which it borrows therefrom, but it is no longer content with 
retouching, with rearranging its facts; it draws from them new 
conclusions. 

Here, as everywhere in biology, these so-called laws cannot be 
considered as directive principles, as active forces, but only as 
general propositions summarizing a large number of the facts of 
observation. The following are the most important of these propo¬ 
sitions: 

Law of connections. If we compare the characteristics which the 
same organ presents in a more or less extended series of animals, 
we perceive that these characteristics are more or less variable 
according to their nature: color and form are in general very much 
so, structure, the relations of contiguity, are fairly so; but there is 
one which is almost invariable, and that is connection, or, in other 
words, the relations of continuity. For example, the pelvic fins of 
fishes called jugulars are greatly displaced, since they are carried in 
front of the pectoral fins, but the nerves and arteries which they 
receive are given off, nevertheless, from a point situated behind 
that from which the nerves and arteries of the pectoral fins start; 
the lungs of serpents elongate to form cylinders which are placed 
one behind the other, the posterior far towards the rear of the body 
in a region very different from that which it occupies in other ani¬ 
mals; but their point of insertion in the pharynx, the glottis, re¬ 
mains unchanged; the statocysts of lamellibranchs are situated 
in the foot, far from the place which they occupy among the other 
mollusks, where they are near the cerebral nervous centres, but 
their nerve connects them with that centre, a direct emanation of 
which they therefore remain. This principle of connection is equi¬ 
valent to considering organs as attached at a fixed point, which is 
their place of origin, by an elastic cord, which allows them to make 
all changes of place without losing their connection with the fixed 
point. This cord is a thread of Ariadne which permits regaining the 
point of departure despite the most distant migrations. In tracing 
back these organs among all animals to the place of origin which 
their connections indicate, an important share of their differences 
is made to disappear, and their comparison is made clear. This is 
the principle of Geoffrey Saint-Hilaire. 

Principle of the balancing of organs. It is well known that the 
relative development of organs in the body is very different among 
difiere* * animals. GcofTrov Saint-Hilaire remarked that, when one 
organ : 'tains an excessive development, one or more of the others 
sulTcrs i corresponding atrophy. This principle results from the 
fact that the necessities of nutrition do not allow a number of organs 
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to function at the same time with an activity greater than the 
average. If certain ones have a very great activity, they develop 
beyond measure, but, correlatively, others become relatively inert 
and atrophy. 

Principle of coordination or of correlation. As far down as life is 
possible, there is every necessity that organs and their functions 
should be bound together among themselves by mutual relations, 
in a manner analogous to the wheels of a mechanism. Thus it is that 
the elk could not carry the enormous weight of his antlers unless 
the muscles of his neck had undergone a considerable develop¬ 
ment. Other correlations, without resulting from physiological 
necessities quite as rigorous, appear like the expression of very 
general provisions. For instance, mammals which have hoofs are 
herbivorous and have a large and flat maxillary condyle, and teeth 
with a large crown striated with a crest of enamel, in order to tri¬ 
turate plants as if between millstones; carnivores, on the contrary, 
which have large canines, have a transverse condyle and a foot 
with five digits provided with nails. It follows that it is possible, 
to a certain extent, and sometimes with remarkable precision, to 
deduce the formation of certain parts by that of certain others; 
seeing the canine tooth of a lion, the hoof of a horse, the antlers of 
an elk, we may divine the transverse condyle and the clawed foot 
of the first, the flat condyle and molar teeth of the second, the 
powerful cervical muscles and the cervical vertebra* with high 
apophyses of the third. It is to Cuvier that we owe this principle 
and its chief applications, and the same author's principle of the 
subordination of characteristics is but another expression of the same 
view. 

Principle of the division of labor. The general functions which 
organisms must fulfill in order to live and reproduce their kind 
are the same from one end to the other of the scale ot l>eings. Simple 
creatures which occupy the l>ottom of the scale fulfill their I unctions 
almost without organs. The substance which constitutes their 
bodies, protoplasm, possesses the rudiments of all the indispensable 
properties; it assimilates and excretes, it feels, it moves, it divides. 
As we mount towards organisms more and more perfect, we perceive 
that the progressive perfecting has for its foundation the formation 
of special organs more and more differentiated, better and better 
fitted to accomplish in a more perfect manner a special work, and 
less and less capable of performing multiple functions. 1 hus the 
motile and nervous functions arc divided between two very different 
elements, the muscle-cell, possessing an energetic and rapid con¬ 
tractility, but insensible, and the nerve-cell, incapable of energetic 
movement, but well suited to receive impressions and to transform 
them into motor impulses. 
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This principle, brought to light and developed with much skill by 
H. Milne-Edwards, belongs as much to comparative physiology as to 
comparative anatomy. It is very general, and is verified among all 
living beings, both animals and plants. Certain facts are in a way 
corollaries of it. Thus, organs, even those which are specialized with 
reference to a given function, may be numerous among lower beings, 
and have a tendency as soon as and in proportion as an organism 
perfects itself, to be reduced to a pair, or even to one. Thus the loco¬ 
motor members, so numerous in the annelids and myriopods are 
reduced to four pairs in the arachnids, to three among the insects, 
to two in the vertebrates, and to one pair in man. 

Principle of the change of Junctions. This principle, due under this 
name to A. Dohm, to whom also we owe the demonstration of numer¬ 
ous applications of it, had been clearly formulated by H. Milne- 
Edwards under the name of the principle o / physiological borrowing. 
He points out that when a new function becomes established, it at 
first borrows its organs from parts already existing, which change 
their functions to those to which the modifications correlative with 
the change have made the organs exactly appropriate. Examples of 
this are innumerable. One might cite the pectoral fin of the whale, 
which is only its anterior limb transformed; the poison-gland of the 
viper, which is a salivary gland; the copulatory appendages of the 
crab, which are modified abdominal feet. 

It is evident that for the establishment of the majority of these 
laws comparative anatomy calls upon comparative physiology, and 
it is even noticeable that the most suggestive laws, those of Milne- 
Edwards, for example, are more physiological than anatomical. 

There is, however, one last principle which comes wholly from 
anatomy, and which is proving itself more rich in consequences than 
all the others united. It may be remarked, in fact, that the number 
of these general principles is very limited, and it seems as if there were 
not many more to be discovered. If it were limited, therefore, to the 
second object, comparative anatomy in having acquired the dignity 
of a science, properly speaking, could not be considered a very fertile 
science. 

The principle to which I allude is the following: 

Principle of the uniform constitution of animals. A glance at the 
organization of beings suffices to show that their structure presents 
striking resemblances. All mammals have mammary glands and 
hair, all birds have feathers and wings, all vertebrates have limbs and 
a bony skeleton, the majority of animals have a stomach, an intestine, 
a mouth and an anus, muscles for motion, a nervous system to control 
'•i^c muscle?, sense-organs often quite comparable, a circulatory 
apparatus, etc. 

This principle is an idea the acquisition of which goes back to the 
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most remote times. Aristotle formulated it clearly. Nevertheless, it 
has been established scientifically, with the necessary details, for the 
first time by E. Geoffroy Saint-Hilaire, under the name of the 'princi¬ 
ple of analogy. 

Extending over the whole of the animal kingdom, it is true only 
for very general and very vague structures. If we go into details, we 
find important divergences, and it is only by forcing and falsifying 
comparisons that we can succeed in establishing apparent analogies 
between organizations thoroughly unlike. The nervous system of a 
mollusk has almost no resemblance to that of 1 a vertebrate; the 
organization of a sea-urchin has almost nothing in common with that 
of an ascidian; the olfactory organ of a crab does not resemble in 
any possible way that of a mammal. 

It is not the same, however, if, in place of extending the comparison 
to the whole of the animal kingdom, we limit it to a small number of 
large groups. It is the merit of Cuvier that he established these 
groups by means of comparative anatomy; they are the phyla of the 
animal kingdom. 

In any one phylum the organization of all the beings which com¬ 
pose it is truly very similar, and if there are differences, real, various, 
and profound, they are not incapable of reduction. 

This principle furnishes to comparative anatomy a third object; it 
points out a third aim more elevated than tlie first two, and more 
difficult to attain. Here not only does comparative anatomy become 
an independent science because of this object, but it opens to reseat c 1 
an unlimited field. It is no longer, as in its first aspect, the simple 
complement of another science; it is no longer, as in its second aspect. 
a science limited to the discovery of some rare general principles; it 
acquires a new dignity, and it presents itself as so vast that its study 


will never be achieved. . .. . 

This third aim of comparative anatomy is the comparison of • 
beings belonging to the same type, it is the search for the fundamen a 
conformity under the divergences of detail. 

This fundamental conformity makes it possible to conceive for cad 
phylum a type of structure from which is derived, " s a 
tion of the type, the structure of each of the forms constituting 

' If all the organisms of the same phylum arc derived from a single 
type, the organs of each one of them are derived from the organs of 
the type. Therefore, whatever may be the differences presented by 
corresponding organs of two members of the phylum, these differences 
are secondary, accidental, subordinate to a fundamental conformity 
and the organs, representing the same organ of the type, represent 
one another and are homologous. 

The chief and the highest aim, therefore, of comparative anatomy 
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becomes the search for homologies. The science of homologies, or 
morphology, is considered the essential part of comparative anatomy, 
at once the noblest and the most fruitful. 

In the comparison of organs of different beings, Geoffroy Saint- 
Hilaire and his contemporaries took into account all the character¬ 
istics, physiological as well as anatomical. Thus they were not afraid 
to compare the lungs of mammals with the gills of fishes. To R. 
Owen is due the credit of distinguishing between physiological and 
anatomical characteristics; he pointed out that the former furnish 
only superficial analogies, while the latter form the true basis of 
homology. Thus the wing of an insect and the wing of a bird are 
analogous as being organs of flight, but they are by no means homo- 
logues, having an essentially different structure, since the wing of a 
bird is the homologue of the arm of man, for we find in it, in modi¬ 
fied form but with similar arrangement, the bones of the arm, the 
forearm, and the hand, and a goodly number of muscles which serve 
to move it. 

It is evident, then, that morphology depends entirely upon the idea 
of an animal type. The solution, therefore, of morphological problems 
depends upon the idea of a uniformity in the structure of beings and 
upon the significance of types. 

Now these conceptions vary. The Deists, and therefore Aristotle, 
explain uniformity of structure by unity of plan. A creative God 
created species, and by an act of his will constructed them according 
to a uniform plan, varying only in details and in the application of its 
fundamental facts. 

The aim of comparative anatomy is to discover this plan, either by 
the study of animals or by rethinking the thought of God. 

Others, in a conception more or less pantheistic, attribute to nature 
what the preceding had made proceed directly from God. There is 
still a plan, but an unconscious one, or rather a model, a type, an 
immaterial entity, unrealized, but which yet controls the realization 
of real forms as the laws of nature direct the phenomena which are 
subject to them. 

This type is understood in two ways. According to one, it is a pro¬ 
totype, the original form, of which real beings are gradual improve¬ 
ments; ac< ording to the other, it is an archetype, the perfect form, of 
which existing crcatuies are the repeated models, infinitely various, 
but always degraded, degenerate. 

The aim of comparative anatomy is to find this type and to deter¬ 
mine how nearly real forms approach to it. 

This conception of types, apparently less childish than that of the 
unity of plan, lias been in fact more troublesome; for, because of its 
greater philosophical attraction.it has seduced more and higher intel¬ 
lects and has directed their efforts towards an end not less chimerical. 
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The introduction into biology of the concept of descent has pro¬ 
duced an important change: the ideal prototype has become an 
objective reality in the form of the ancestral type. It is certain that 
two given forms, if, at least, they are not too different from one an¬ 
other, have common ancestors, of which the latest is that one from 
which they differ least. This latest ancestor is the material prototype 
from which they have both really been derived. The organs of the 
ancestor have truly become the organs of the two derived forms as 
far as we may consider as one and the same thing the organs of one 
being and the almost identical ones of its immediate descendant. 
We, then, have the right to say that from the phylogenetic point of 
view the organs of the later forms represent those of the ancestor, and 
that those of their organs which represent the same organ of the 
ancestor represent those of one another. The idea of representation 
gains body and becomes a reality, and morphology, which is the 
science of representations, becomes a positive science. 

The aim of morphology therefore becomes precise and more pos¬ 
itive. It consists in determining homologies, considering as homo- 
logues those organs which in the ancestor were represented by a 
common rudiment. 

Morphology,then,has phylogenyas its basis. But phylogeny is not 
a science of direct observation; it is constructed inductively from 
the facts of comparative anatomy, of paleontology, and of compara¬ 
tive embryology. 

The theme of morphology is, then, as follows: to compare organs 
which we suppose may be homologues and which belong to two differ¬ 
ent species, to determine by comparative observations, anatomical, 
paleontological, and embryological, not all of the characteristics oi 
the ancestor of the two species, which is the aim of pure phylogeny, 
but the typical constitution of that organ in the common ances¬ 
tor, and to see whether the two organs have surely been derived 
from the ancestral type. In that case they arc called homologous, 
whatever may be their differences; in the contrary case they arc 
not. homologous, whatever may be their resemblances. 

This is the matter in its brutal clearness. 

Let us take an example: what, in the foot of the ox. is the liomo- 
logue of the hoof of the horse? The answer is not evident. A philo¬ 
sopher of nature could well conceive an archetype according to which 
the whole of the foot of the ox corresponds to the hoof of the horse. 
But the anatomist dissects these parts and finds only one digit in 
the foot of the horse while he finds two in that of theox. The em¬ 
bryologist sees the five digits of the unguiculates shown at first in 
the horse and the ox; digit number one disappears first, afterwards 
numbers two and five; the ox preserves three and four; in the 
horse number four disappears in its turn, leaving only the middle 
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digit, number three. He supposes, therefore, that the ancestors have 
undergone this progressive reduction. Paleontology when consulted 
shows effectively that such has been the case, and finally we con¬ 
clude that the hoof of the horse corresponds to the inner hoof of the 
ox because they both correspond to digit number three of a five-toed 
ancestor. 

In this order of things, the difference in the method of procedure 
between those who take observation for their guide and those who, 
confining themselves only to the powers of the mind, seek to think 
again the thought of God in order to divine the secrets of nature, is 
not without analogy to that which is manifested in the science of 
etymology. During a certain epoch the attempt was made to divine 
etymologies according to phonetic resemblances and the meaning of 
roots freely interpreted. What is the etymology of savage? We look 
and find soli vagus, one who wanders alone, the savage living more 
solitary than civilized man. Any other resemblance equally happy 
could furnish a different etymology of the same value. But when we 
set ourselves to study the embryology of words, that is to say, the 
real history of their successive modifications, we find that savage 
comes from sauve ; la sauve, in the ancient tongue, is a forest, and the 
name comes from sylva , so that sauvage comes from sylvaticus. This 
is perhaps less pretty than soli vagus, but it has the advantage of 
being true. 

To be just, we must remark that the search for homologies by 
means of observation is not the exclusive advantage of the partisans 
of descent. 

If the transformists more often call to their aid paleontology and 
embryology, there is there only a difference in the habitual orienta¬ 
tion of thought, and not at all an inherent necessity for a difference 
in the point of view. The deist could equally well seek in paleonto¬ 
logy and embryology indications of the thought of the Creator, and 
the philosopher of nature could as well look there for the appli¬ 
cations of the laws of nature by which he hopes to remount to the 
archetype. For the former, at least, there are examples. And it is 
probable that if the transformist idea had never been born, deists and 
natural philosophers would have come nevertheless to look to paleon¬ 
tology and embryology for the facts capable of demonstrating their 
opinions. 

This extension of the field of comparative anatomy, which borders 
on morphology, or the science of homologies between similar organs 
of di.T -rsnt beings, is not the last. 

'-U'.sts have dreamed of comparing among themselves not 
only ;..e organs of different beings, but also the organs of the same 
being which present a certain similarity, and to seek among them for 
homologies. To these last have been given the name of general 
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homologies, in opposition to those which we have examined above 
and which are the special homologies. 

Thus we have been asked if the occipital bone is homologous to the 
vertebra, the humerus to the femur, the hand to the foot, etc. 

For the partisans of the theories of unity of plan, of prototype, or 
of archetype, the problem of the general homologies does not differ 
essentially from that of the special homologies. Unity of plan may 
manifest itself as well in the parts of the same creature as in different 
creatures. The prototype or the archetype may be conceived as having 
the hand identical with the foot and the occipital formed like a 
vertebra. For the partisans of modern ideas, the matter is a little 
more difficult, for there is no ancestral type in which respectively the 
hand and foot, the leg and the arm, the occipital and the vertebra*, 
are represented by single structures, so that the problem for the trans- 
formists appears quite as subjective a one as for the philosophers 
who preceded them. The transformists have succeeded, moreover, in 
giving to the solution of the problem a certain objectivity, reasoning 
in the following manner: if the occipital were formed exactly like 
a vertebra, the foot like the hand, the femur like the humerus, we 
should not hesitate to consider them as homologous, just as we do 
not contest the homology of the vertebra among themselves. If. 
then, in descending the scale of beings by means of comparative 
anatomy, if in constructing phylogeny by means of paleontology and 
embryology, we find beings or stages where those parts which we 
are comparing are more and more similar among themselves, even 
to the point of being identical, we should have the right to homologi/e 
them; otherwise, not. Thus we have come to recognize that t lie occi¬ 
pital is not a vertebra, and that the homologue of the tibia is. in the 
forearm, the radius, although in a superficial examination it would 
appear to be the ulna, as some anatomists. experts in their science, 
too, have drawn and described it. 

Since we have now shown what comparative anatomy is according 
to generally admitted ideas and under its three aspects, namely: the 
presentation of zootomical ideas in an arrangement facilitating the 
comparison of organs, the search for the laws of organization, and the 
search for homologies, we must now go more deeply into our subject 
and examine the bearing of comparative anatomy, the value of its 
results, and the solidity of its conceptions. 

As far as the first two aspects of comparative anatomy are con¬ 
cerned, we have little to add to what we have already said. 

We must recognize that in so far as comparative anatomy limits 
itself to presenting zootomical facts in another order, it is not a true, 
independent science, neither in its foundations nor in its results; it 
is nevertheless extremely useful, indispensable even in furnishing not 
only to the student, but also to the scholar, a larger view of things, 
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a greater variety of points of view, permitting more general con¬ 
ceptions. 

When it searches for the laws of organization, comparative ana¬ 
tomy, although remaining tributary to zootomy and a little to physi¬ 
ology for the facts of which it makes use, becomes more independent 
because of its aim, but it continues to be a narrow, limited science, 
since the number of general principles which it strives to discover 
is very limited. 

In the search for homologies, comparative anatomy allies itself 
with embryology and paleontology; thus it gains all its amplitude 
from the importance and the infinite number of problems upon which 
it borders. In elevating and enlarging itself, however, does it still 
maintain its solidity? 

Two organs are homologous, we have said, when they are derived 
from the same organ or rudiment in their common ancestor, but 
that ancestor is in no case precisely known. When the homology 
to be sought is easy, one may often determine by induction the an¬ 
cestral character from which are derived the characters to be com¬ 
pared. Thus, although the common ancestor of the dog and the 
cat is not known, we may affirm that it had a tail, and that this tail 
has become the tail of the dog along one line of descent and that of 
the cat along another; and that, consequently, the tails of the dog 
and the cat are homologous. This renders no service, however, for 
the organs are so similar that their homology is evident without 
any reasoning. 

But if one asks what is in man the homologue of the pineal eye 
of the lizard, the matter is more delicate. The common ancestor 
of man and of the lizard is not known; we cannot infer anything 
certain relative to the first appearance of the pineal eye; so the 
question remains unanswered. 

And this is almost constantly the case. Thus, when phylogeny 
furnishes the required response, the question is solved in advance; 
again, when the question is difficult, phylogeny remains mute. 

We must, then, lower its pretensions, and in place of phylogeny, 
whose responses would be certain if we only knew them, but which 
we do not know, we must turn to ontogeny. 

The latter also gives answers, not without value, but which are 
indirect and necessitate an induction into which error may glide. 
We admit, in general, that when organs are represented at some 
stage of ontogenesis by very similar rudiments, these organs are 
homologous, however dissimilar they may be in the adult; and, 
inversely, that they are not homologous, however similar they may 
be in the adult, if they are represented in ontogenesis by dissimilar 
rudiments. 

If ontogenesis were a faithful copy of phylogenesis, this reasoning 
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would be admissible. But it is not, and the deviations from the 
parallelism of ontogenesis and phylogenesis are not recognizable by 
sure signs. 

The examples in proof of this assertion are not rare. Here is one: 
when the larva of the echinodfcrms metamorphoses into the defini¬ 
tive form, sometimes it retains the mouth, which is merely dis¬ 
placed by passing to the left side; sometimes the mouth closes and 
a new mouth breaks through on the left side. From the ontogenetic 
point of view the mouths are not homologous in the two cases; the 
homologue of the mouth of one of the forms is, in the other, an 
imperforate point of the surface of the body. 

Is it necessary, then, to say that in two species of starfish, the 
adults of which present the two cases given above, Asterina gibbosa 
and Asterias glacialis, for example, animals as like one another as 
are the cat and the dog, the two mouths are not homologous, that 
the representative of the mouth of Asterias glacialis is such or such 
imperforate point on the edge of the disk of Asterinat 1 

It seems from all the evidence that the common ancestor of Asterias 
and of Asterina had the normal mouth of a starfish, and that this 
mouth has become the mouth of Asterias, on the one hand, and of 
Asterina, on the other, so that phylogenetically the mouths of 
Asterias and Asterina are homologous, although ontogenetically 
they are not. Nevertheless, some morphologists, ready for anything, 
do not fear to reject this common-sense conclusion, and to declare 
that the mouth of Asterias and that of Asterina are not homo¬ 
logous. 

But on the other hand many morphologists reject that conclu¬ 
sion, and in other cases, otherwise entirely similar, all agree to take 
the reverse of that fashion of reasoning. 

Among the insects, the embryo shows at the beginning of its 
development an invagination which appears exactly like that which 
in the majority of other animals (including the other arthropods) 
gives rise to the primitive gastric cavity. If it became that cavity, 
we would not fail to homologizc it with the archentcron, but since 
it develops into something entirely different, the mesoderm, we pass 
in silence over this homology, thus making an exception to our 
established principles. 

Why do we make euch an exception to our principles? Because, 
in spite of our professions of faith, we do not take as a criterion 
ontogenesis alone as a copy of phylogenesis. When the ontogenetic 
homology is too strongly opposed to a certain intimate sense of 
homology which we have within us, we lay it aside, passing it over 

1 In the same way we refuse to recognize as similar the general body-cavities 
of two animals, in spite of resemblances which render them almost identical, when 
one arises as an enterocoel and the other as a schizococl. 
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in silence in order not to avow to ourselves the contradictions of our 
logic. And what is this intimate sense of homology which directs 
us thus? It is nothing less than the remains of the old concept of 
the archetype which slumbers in us and wakes occasionally. 

When, in two allied forms (the instance is found in the mollusks), 
the blastopore becomes in one the mouth, in the other the anus 
( Paludina ), we might conclude that the mouth of the one is the 
homologue of the anus of the other. We do not, however, and we 
are right. But this proves that we do not hold to the criterion which 
we have erected in our statement of homologies. We abandon 
ontogenesis, and take for our guide connections and structure, that 
is, the same characteristics which we declared entirely insufficient 
to determine homologies if they were not corroborated by develop¬ 
ment. 

After phylogenesis and ontogenesis, it is to connections that we 
attach the most importance in determining homologies, and very 
often we content ourselves with them as a criterion. This confidence 
in connections has its reason for existence in the fact that we know 
that organs modify more easily their relations of vicinity than their 
relations of continuity. But it is not wholly founded on observation; 
it proceeds in part from the conception of an archetype with which 
our minds are imbued, and from the fact that we conceive more 
easily of the derivation of that archetype by the stretching and 
displacement of organs, elastic and pliable after the manner of 
gutta-percha, than by the transposition of masses in the way one 
treats the first draught of a wax model. 

We must not forget, in fact, that in ontogenesis the mesodermal 
masses change place thus in toto, without maintaining any relation 
with their place of origin, and that even invaginations, infoldings, 
detach themselves and become free in order to go and plant them¬ 
selves elsewhere (imaginal disks of insects, enteroccelic vesicles 
of the echinoderms, urinary bladder of the vertebrates which be¬ 
comes detached from the intestine and opens with the ureters, etc.) 

Thus, the criterion of homology which, in order to be objective, 
ought to remain wholly phylogenetic, is almost never so, and it 
borrows, according to the case, from ontogenesis and from anatomy. 
And according to the case, sometimes we accept the conclusions to 
which we are led, although they may seem to clash with the most 
reasonable comparisons, sometimes we reject them for the same 
reason. 

It must be remarked, in fact, that when the criterion ceases to be 
directly or indirectly phylogenetic, it ceases to be concrete. That 
kind of material continuity between the organs of the ancestors and 
similar organs of the descendants which exists in phylogenetic 
homologies disappears in anatomical homologies. 
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When two organs whose phylogeny is unknown resemble one 
another in. certain anatomical characteristics and differ in certain 
others, if we affirm their homology, that is to say, if we subordinate 
their differences to their resemblances, we do so only by comparison 
with an entirely subjective type to which we refer them. 

In the construction of this subjective type we have no other 
guides than certain anatomical characteristics, so that our premises 
and our conclusions are one and the same thing; in other words, 
we make a vicious circle. 

For example, when we homologize the endostyle of the ascidians 
with the thyroid gland of Ammocetes and the other vertebrates, 
we presuppose a common phylogenetic origin for these organs, 
but since we know nothing whatever of this common ancestor, 
in reality we conceive of an abstract form in which the endostyle 
and the thyroid are replaced by one and the same rudiment from 
which we suppose that these organs are derived. 

This abstract form is nothing else than the archetype of the 
natural philosophers, more refined, more certified, fashioned more 
by observation, but not less subjective. 

The fact is more striking in what concerns general homologies. 

No one disputes the homology of the rudimentary mammary 
gland of man with that of woman. Nevertheless that homology 
could not in any way be based on phylogenesis. It has been inter¬ 
preted as a mark of a primitive hermaphroditism, but that opinion 
is untenable, since the ancestors of man had ceased to be herma¬ 
phrodite millions of generations before they were provided with 
these glands. Here, then, the homology is founded solely upon the 
unconscious conception of an archetype common to male and female 
based upon anatomical resemblances without any possible phylo¬ 
genetic significance. 

In the vertebral theory of the cranium we do exactly the reverse 
We conclude from anatomical and embryological observations that 
without doubt no ancestor of the vertebrates had a cranium com¬ 
posed of true vertebra; identical with those of the backbone, and 
we go on from there to declare that no part of the skull, not even 
the occipital, is homologous to a vertebra. 

If, however, the occipital, although developing by the localized 
ossification of a cartilaginous cranium continued by the addition 
of a membrane bone, were found to be identical in form with a 
vertebra of the backbone, would we deny that homology? We 
should have the right, but we should fall into the same exaggeration 
as in the case of Asterias and Astcrina. 

There is no use in insisting further upon having the right to con¬ 
clude that the criterion of homology is nothing absolute. We 
announce our pretension of borrowing that criterion from phylogeny; 
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as a matter of fact, that furnishes us nothing certain, and we turn 
to ontogeny and to anatomy, granting more value to one kind of 
argument or to the other, according to the case, without any fixed 
rule. In fact, we bring together all that we know concerning the 
organs whose homology is in dispute, and we proclaim homology 
when we find between these organs a sufficient conformity of char¬ 
acteristics. In general, we interpose the condition that this homo¬ 
logy shall not oppose the idea, very vague, very hypothetical, very 
individual, which we may have concerning the phylogenetic deriva¬ 
tion of the organs under consideration; but in many cases we for¬ 
get this, and are guided by the unavowed conception of an abstract 
type constructed according to anatomical characteristics of every 
order. 

The foundations of homology are a mixture in varying propor¬ 
tions of comparative anatomy studied profoundly, of paleontolog¬ 
ical data too often incomplete, and of a hypothetical phylogeny, 
together with a dose, not to be overlooked, of that mysticism with 
which natural philosophers constructed their archetype. 

This formula may appear a little irreverent to the devotees of 
morphology; it is just, nevertheless. If we go to the bottom of 
things, we must recognize this fact: to homologize is simply to 
compare, to establish resemblances and differences in character¬ 
istics, and to proclaim that these are casual, secondary, while those 
are fundamental. 

Now, there is nothing more delicate than pronouncing upon the 
comparative dignity of characteristics. There is a question of the 
orientation of ideas, dependent upon time and place, a question of 
mode of which it is prudent to be suspicious. 

When R. Owen distinguished in the determination of homologies 
physiological characteristics from anatomical, and established the 
difference between analogies and homologies, he rendered a real 
service, for there is always an advantage in not confounding things 
which are distinct; but it is less certain that he did a good thing 
when he gave the precedence to homology over analogy in the com¬ 
parison of characters, for it has led to an exaggerated disdain of 
physiological characteristics. 

When we proclaim an homology like that of the lungs of mammals 
with the swimming-bladder of fishes, for example, we assume a 
grave and sententious tone, as if we were filled with a feeling of 
our own merit in announcing a fundamental truth which remains 
I i'lden in a c uperficial examination. If, on the contrary, we announce 
•■'ll analogy, we take a tone light, and almost a little contemptuous, 
in oHor to set off well the small value of a wholly superficial re¬ 
st mblance in which we must not place too much confidence. 

Is this right? 
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Is not this subordination of propriety to substance an effect of 
the influence which the materialistic conception of the universe 
exercises upon our minds? Will our sons continue to think thus if 
the energetic conception, quite as reasonable as the other, if not 
more so, comes to outweigh it? And we ourselves, should we also 
be on the affirmative side if we were the spiritual sons of other 
natural philosophers, who had placed in the first rank in their con¬ 
ceptions not organs, but functions, who had conceived of beings as 
having to accomplish a series of physiological actions, the nature 
of the organs by which they accomplish them being of subordinate 
interest? 

Perhaps in that case we should be more struck by the fact that 
the gill of the fish and the lung of the mammal both serve for respira¬ 
tion than by the difference in their structure and in their material 
origin. 

Is there not also more interest in seeing two organs, otherwise 
very different both in structure and in phylogenetic origin, coming, 
under the influence of the necessity to realize functions and by the 
action of similar surrounding conditions, to have functional and 
structural resemblances at times astonishing, than in establishing 
the fact that two organs different in structure have a similar em¬ 
bryonic or phylogenetic origin? 

Is the convergence of analogous organs less worthy of respect 
than the homogeny of homologous organs? 

Here are a fish and an octopus. We admit, rightly, without doubt. 
that they have not a common phyletic origin, or, at least, that their 
community of origin, if it exists, dates from a stage when their 
special organs were not differentiated. They both have an eye 
which, in spite of certain differences, presents a conformity of struc¬ 
ture really striking. In spite of their difference of origin and their 
absence of relationships, the two protoplasms which constitute the 
fertilized egg of the octopus and that of the fish both develop a spe¬ 
cialized organ, an eye, which is remarkably similar in both. In the 
two phyletic series of the octopus and the fish, under the influence of 
a fundamental conformity of the substances constituting the organ¬ 
ism and of a similar reaction to the analogous surrounding con¬ 
ditions, there are formed these two eyes, which are almost identical, 
although they are not related. 

Examples of this kind are numerous. Here is another quite as 
striking. Many forms belonging to the groups of the mollusks, of 
the ccelenterate8 and the worms have special organs of equilibra¬ 
tion, statocysts, consisting of a heavy mass sustained by sensitive 
hairs arising from the epithelial lining of a vesicle. The crustaceans 
have on their antennules statocysts notably different in structure. 
Only one, Mysis, has statocysts very similar to those of the mol- 



352 COMPARATIVE ANATOMY 

lusks, not on the antennules, but on the telson. This situation pre¬ 
vents our homologizing them with the antennulary statocysts of 
the other crustaceans, and the difference in phyletic origin prevents 
homologizing them with those of the mollusks, the worms, or the 
ccelenterates. Is not a fundamental conformity so profound, between 
organs phylogenetically distinct, quite as remarkable a thing as the 
resemblance of origin revealed by embryology between two organs 
the structure and functions of which are very different? 

Is it right, then, to place the latter in the holy tabernacle of homo¬ 
logies in order to prostrate ourselves before it, while we relegate 
the former to the despised chaos of analogies? 

But, some one says, comparisons must nevertheless have a sanc¬ 
tion, and homologies must be distinguished from analogies. 

That may be, but there is no need to sacrifice the one to the 
other. 

Let us return to the case of Asterias and Asterina. 

When we have proved and noted that the mouth of the one does 
not proceed from the same point of the larva as does that of the 
other, we have given to embryology all that it has a right to claim, 
and it is only just to render to anatomy what it has a right to 
demand in declaring that in all other respects the mouth of Asterias 
and that of Asterina are identical. 

In the presence of these divergences, shall we clash with embryo¬ 
logy in proclaiming an homology which it rejects, or torture anatomy 
in denying an homology which the latter claims? The simplest 
thing is to clash with or torture nothing by saying nothing. 

Where is the necessity of formulating a general proposition which 
shall certainly be false on a certain side, when it is possible to sepa¬ 
rate it into two true propositions, in saying that the mouth of 
Asterias and that of Asterina are similar in all respects except that 
they are not homogenic. 

But, some one says, that is what we do when we declare that the 
two mouths are not homologues, since by definition homology is 
nothing else than phyletic homogeny. 

That would be true if we held scrupulously to that definition; 
but as a matter of fact, in the search for homologies we turn to all 
possible characteristics, even at times to physiological ones, for¬ 
bidden though they are. We must many times reduce homology 
to the modest significance of homogeny. 

Homology has become and will remain in biological language 
th? mark of an important, fundamental resemblance, reducing to a 
pubr-dinate and superficial significance and to a secondary interest 
whe ever differences there may be. 

'.:ierc are words which are to ideas what infectious microbes are 
to the body. Such, in the science of evolution, are “tendencies of 
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nature,” “hereditary propensity,” “latent characteristics;” in com¬ 
parative anatomy such are “organs representing one another.” 
Like the phrase in physics, “horror of nature for a vacuum,” they 
correspond to nothing real. Many agree to this, but that does not 
prevent us from continuing to bring them to the front as if they 
contained a positive explanation. The progress of ideas lessens 
their harmfulness, it does not destroy it. 

If, instead of proclaiming that two organs are homologues, we 
should content ourselves w ith saying that they have the same embry¬ 
onic rudiment, or similar connections, or a corresponding structure, 
and that this authorizes us in a certain measure to think that they 
come from the same rudiment in some ancestor more or less distant, 
we should say only what we have the right to say, and what would 
carry with it nothing difficult. It is not the same when we decree 
a decisive epithet implying that there is something important and 
fundamental in resemblances, while differences arc accidental and 
subordinate. 

There is, without our taking it into account, in this subordination 
of certain characteristics to others, a remnant of the mystical con¬ 
ception of the archetype. After having made the archetype object¬ 
ive in the ancestral type, most of the time we lose sight of it, and we 
give a fanciful reality to an entirely subjective type, a simple schcm- 
atization of abstract ideas. We create mental images of types of 
organs, of types of structure indefinitely varied and divided up 
according to the needs of the moment, and we lose sight entirely 
of the idea of finding the realization of them in an ancestral form 
previously existing. In each instance we are ready to answer that we 
are taking the phylogenetic point of view, but most of the time it is 
not so, and if it should be necessary to sustain that pretension with 
good arguments, we should find none at all. 

This tendency to schematization is not wholly bad. It aids the 
mind in grouping scattered facts in such a manner that one may 
consider them as derived one from the other according to simple 
rules. There is nothing inconvenient in conceiving of types of ani¬ 
mals, types of organs, types of structure, as numerous, as varied, as 
one wishes. But this is so only on condition of never forgetting that 
they are creations of our minds, without any objectivity, destined 
only to facilitate intellectual operations. The morphological type 
must be considered only as an instrument of thought, and not as a 
mystic entity, more or less hidden, which we may by observation and 
study find again just as it is and not otherwise. We are at liberty to 
construct it, the only condition being that it shall lx? advantageous 
for study and that we shall never take it for anything else than it is. 

There must always be present in our minds the fact that an homo¬ 
logy is never absolute, that organs represent one another in certain 
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respects, relatively to certain categories of characters, and never 
wholly. 

To homologize is to compare. Now, things are never so different 
that we cannot compare them, nor so similar that the comparison will 
not be false in some points. The tail of the dog represents almost 
identically that of the jackal, a little less so that of the ox, a little less 
that of the bird, a little less that of the serpent or of the fish; it does 
not represent that of the scorpion or the crayfish, but it would be an 
exaggeration to say that it has nothing in common with the last two. 
One comparison is always permissible. When Oken compares the 
vault of the skull to that of the heavens, there is this in his favor, that 
one, like the other, is a hollow hemisphere having inside it something 
which thinks. The mistake is made when we attempt to draw from 
such distant resemblances consequences more exact or more ex¬ 
tended. The mistake is the same, in a lesser degree, when, after 
having homologized, for example, the radius with the tibia, we 
imagine, as some of us have a tendency to do, that there is not in 
one of these bones a single tuberosity or furrow which has not in 
some more or less hidden form its representative in the other. 

What must we conclude from this study? 

Comparative anatomy is a science which arranges, classifies, sep¬ 
arates, brings together, groups, and labels information, reunites 
scattered facts under general formulas, compares, finds likenesses, 
differentiates, subordinates, makes a hierarchy of characters. It is 
the science of the study, the library, the museum. It borrows much 
from nature through zootomy, paleontology, embryology, but it is 
through meditation that it puts its materials to work. It attempts 
at times to rise even to the explanation of phenomena, but always 
in an indirect way and without hope of verification a posteriori, in 
the way in which history explains politics. 

It is not a laboratory science. 

In that respect it is and it remains a science of the past. 

The future, in biology, is for experimental researches, those where 
one puts on an apron, where one weighs, dissolves, corks up, heats, 
filters, distends, compresses, shakes, sections, cuts, elect rolizes, etc., 
where one works with substances or with living beings which one sub¬ 
mits to physical and chemical agencies or to conditions of life which 
cause t hem to vary in a methodical manner in order to produce modi¬ 
fications and thereby to discover, if possible, the causes of forms, 
of structures, and of their variations. 

Does this mean that we must renounce comparative anatomy, 
and that this science, in which the Saint-Hilaires, Cuvier, J. Muller, 
Ov - n. Gegv iibaur, and many others have become famous, has no 
fl : v flr sc * icc ,0 render? Certainly not. It continues to be in- 
dj;«,-'nsab:c to all of those who arc engaged in biology in order to 
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diversify points of view, enlarge conceptions, coordinate information, 
in order to reduce to a small number of essential propositions the 
multitudes of scattered facts to which it gives a significance and 
which it causes to converge toward general principles, in order to 
permit unexpected and suggestive groupings, to show the chief bear¬ 
ing of ideas which seem commonplace or of resemblances appar¬ 
ently insignificant. 

As a science explanatory of biological phenomena, it furnishes its 
share of ideas and facts, but it is not armed properly to solve pro¬ 
blems, and allows itself to be distanced by experimental researches in 
cytology upon the sexual elements, in fecundation, parthenogenesis, 
ontogenesis, teratogenesis, the action of agents of every kind upon 
living beings in the diverse conditions of their biology, in heredity, 
variation, the acquisition of specific characters, and in the nervous 
functions, from the most elementary sensations up to instinct and to 
the highest manifestations of intelligence. 

In certain works on paleontology the importance of diverse beings 
or groups of beings at different epochs is represented by the varying 
width of a band which traverses the successive stages of the geo¬ 
logical epochs. If we should do the same in order to represent the 
relative importance of comparative anatomy in the different epochs 
of our history, we should have to figure it as a line of extreme thin¬ 
ness traversing the ancient epochs, suddenly becoming very large 
at the beginning of the last century, and retaining even t<> our day 
a respectable amplitude, which, however, does not seem destined to 
increase indefinitely in the future. 

Experimental researches in biology meanwhile would take the 
form of a triangular band whose summit would be turned down 
towards the past epochs, while the base, growing larger and larger, 
will without doubt continue to enlarge during a length of time im¬ 
possible to foresee and perhaps unlimited. 



SHORT PAPER 


Professor George Lefevre, of the University of Missouri, read a paper 
before this Section on “ Artificial Parthenogenesis in Thalassema Mellila,” giving 
the results of his studies at the Laboratory of the United States Bureau of Fish¬ 
eries at Beaufort, N. C., during the previous summer. 
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Chairman: Professor George A. Piersol, University of Pennsylvania. 
Speakers: Professor Wilhelm Waldeyer, University of Berlin. 

Professor H. H. Donaldson, University of Chicago. 
Secretary: Dr. R. J. Terry, Washington University. 


The Chairman of the Section of Human Anatomy was Professor 
George A. Piersol, of the University of Pennsylvania, who opened 
the meeting by remarking: 

“ Those of us who have listened to the general addresses delivered 
during the earlier sessions of the work must have been impressed 
with the breadth and comprehensiveness of the acknowledged pur¬ 
poses of this Congress. These purposes have been not only to bring 
into touch the widely diverse divisions of science, but also to afford 
opportunities for exchange of thought between those concerned with 
problems more or less akin. For, with the ever-increasing mass of 
details that each year adds in all branches of knowledge, it becomes 
less and less probable that the single mind can master the minuti® 
of more than a limited domain. 

‘‘In recognition of the inevitable specialization that the develop¬ 
ment of science has brought, have been arranged the hundred and 
more sections of which our own — that of Human Anatomy — is one. 

“ Human anatomy represents one of the oldest biological specialties, 
for what more natural than that man’s complex organism should have 
early attracted searching inquiry? But specialization begets narrow¬ 
ness, and this, coupled with the potent influence of the long prevail¬ 
ing views regarding man’s assumed exceptional origin and place in 
nature, did much to retard the establishment of human anatomy 
upon the broad basis that it to-day enjoys. 

The too often well-founded charges formerly made by our bro¬ 
thers, the zoologists and comparative anatomists, that the human 
anatomist, ignoring morphological significance, failed to obtain a 
true perspective in his exclusive studies of man, are, happily, rap¬ 
idly losing force, as on all sides has arisen a keen appreciation of the 
necessity and value of regarding man as a member of the great zoo¬ 
logical family. 

“ Who shall estimate the stimulating influence of the broad-gauged 
men who enjoyed the golden age of opportunity during the last, 
century and added so much of epoch-making significance? Among 
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the many, we recall the names of Johannes Muller, Hyrtl, Henle, 
and Luschka; of Sappey, Owen, Huxley, and Turner; and of our 
own great fellow countryman, Joseph Leidy. Two additional names 
of men to whom anatomy owes much must be mentioned: those of 
His, the sudden ending of whose productive life science even now 
mourns, and of Koelliker, — the Nestor of anatomy, —who, in spite 
of his more than fourscore years, still contributes to the science he 
has so long and brilliantly served. 

“In keepingwith the broad spirit of a great international exhibition 
was the happy inspiration to invite distinguished scientists from 
across the seas to participate in the sessions of this Congress. And 
it is particularly appropriate that this Section is to be addressed by 
an acknowledged leader in anatomy; one whose broad interests and 
many-sided accomplishments give to his words, written or spoken, 
an interest and authority universally recognized. I have the great 
pleasure of introducing Professor Waldeyer, of the University of 
Berlin.” 



THE RELATIONS OF ANATOMY TO OTHER SCIENCES 


BY WILHELM WALDEYER 


(Translated from the German by Dr. Thomas Stotesbury Git hens, Philadelphia) 


(Heinrich Wilhelm Gottfried Waldeyer.Professor of Anatomy University of Berlin, 
since 1883. b. Helilcn, Brunswick, Germany, fetober 6, 1836. M.U.. 1 h.u., 
LL.D. Assistant at the Physiological Laboratones of Kdmgsbcrg and Brealau. 
and Professor of Pathological Anatomy. Umyersitv of Breslau 1865-<-, Pro¬ 
fessor of Human Normal Anatomy. University of Strassburg, 187--83. 1 tr- 
manent Secretary of Royal Prussian Academy of Sciences; a^o member of 
fifty-seven academics and learned societies. Author of Ovary and Egg, 1 he 
Cells; Topographical Anatomy of the Pelvic Organs ; and numerous other notid 
works and articles on anatomy.) 


When I attempt to treat correctly, according to the general pro¬ 
gramme, that branch of science which concerns itself with the study 
of the structure of our own bodies, let me first recall that here we must 
create something for life out of death. Even the most long-lived man 
passes over the stage of the world like a shadow-picture. He passes 
quickly away after a short instant of existence, “a walking shadow 
signifying nothing.” 

But if the life of the individual signifies nothing, the stream of 
living individuals which constantly flows over our planet shows in 
man the greatest, the most important, the most powerful being which 
the world has brought forth, and I place against the words of the great 
Briton, those of the great Grecian, 


rioAAa TO Suva K’avSiv avBp ^rot Baxdnpov 

Thus we see that man does not hesitate, in his search for true know¬ 
ledge of how life springs from death, to lay the hand of investigation 
even on his dead, in order to learn from them what he is. It has, 
indeed, cost him centuries of severe struggle, of the building-up of 
culture, before he attained this. Man has killed his kind without 
scruple in thousands, in millions, in billions; yes, has boasted of it. 
and has praised the act in songs and poems, and docs still to this 
day; but before the blank, senseless corpse, the memento man, he 
felt ashamed. The mutilation of corpses, when it has occurred, 
has always been severely judged. Even the fame of Achilles has 
not been increased by the fact that he dragged the corpse of Hector 
around the holy city. In earlier times the opening of bodies was 
looked upon as a desecration. This is why human anatomy al- 
though placed among the most ancient studies, was first raised to 
the rank of a science when investigation of human bodies could be 
undertaken in increasing number, owing to the powerful efforts of 
educated men with a determined aim. 
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I may be permitted, in order to explain more clearly and better, 
on the one hand, what branches of human science have been assisted 
by anatomy, and on the other hand, which have furthered it, to 
give a short sketch of the principal epochs in the course of develop¬ 
ment of human anatomy. 

I think we may distinguish three great divisions of this develop¬ 
ment. A first, pre-Galenic, which we may also designate in a certain 
sense as prehistoric, a second, the period of Galenic anatomy, and 
a third, the period of Vesalic anatomy, which extends until the time 
of Theodor Schwann and Johannes Muller, 1839, or, in round 
numbers, 1840. At that time begins the epoch in which we now are. 

If I may briefly descril>e the first period, whose beginning is as 
unknown to us as that of the human race, anatomy consisted of a 
sum of unconnected facts concerning the inner and outer parts of 
the body, such as were obtained from immediate experience and 
from the observation of the body in its different motions. It was 
also obtained by the observation of wounds,—note the descriptions 
in Homer, — and from sacrifices of man and animals. The fact that 
the human race undoubtedly first appeared in the tropics and 
subtropics, and at first neither required nor used clothing, permitted 
observations to be easily made. 

That which was so determined and handed down became, with 
increased culture, more and more the property of the priests, and 
of the physicians, who were generally of the priestly class. Hut what 
wc can learn from the Assyrian excavations, from old Egyptian, 
old Chinese, old Japanese, old Thibetan, and old Indian literary 
and other monuments is not sufficient to display this historically. 
Therefore. I use the expression. “ prehistoric.” because in part their 
material is entirely false, and nowhere is a complete system brought 
together. It is merely “anatomic fragments '* which wc get to know. 
From them we can form no clear idea of the state of anatomic 
science of the time under consideration, or to what extent their 
medical therapeutics was influenced by their anatomic knowledge. 
There is. indeed, much in the papyri of Egypt and in the voluminous 
Indian and Chinese literature, but in the short sketch given here, 
1 can only mention it in the above way. 

In pre-Galenic times the anatomic knowledge of the Greeks 
appears to be more accurate. We possess statements that, already 
before the time of Hippocrates, dissections of human bodies were 
carried out. a ml we may assume that among the Indians and 
Egyptians this was also occasionally the case. We know, however, 
nothing more definite, and these dissections were certainly rarely 
performed with sufficient care or with the definite intention of ob¬ 
taining clear anatomic knowledge. Otherwise, the writings which 
haw come down to us would contain more facts. 
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The anatomic writings which are ascribed to Hippocrates contain 
many more facts, and these are much more correct; but, even from 
them it is plain to be seen that a systematic study of the corpse 
was not the basis of the facts contained in them. That dissections, 
especially for anatomic study, were carried out by the Hippocratic 
school, is open to strong doubt. 

From this time on, the slowly collected anatomic data are increased 
by numerous physicians, philosophers, and naturalists, but even 
these advances can hardly be referred to systematic dissection of 
the body. It is especially striking that Aristotle, who had so much 
at his command, and whom we thank for so much in zoology and 
zootomy, knew as little about the anatomy of man as is found in 
his writings. 

The data obtained by Herophilus and Erasistratus, who lived 
between the middle of the fourth and the first third of the third 
century before Christ, seem to me to show that they were the first 
who made truly anatomic dissections on the human body. That 
they opened the body cavities of many corpses is certain, but I 
believe we may go further and say that they have dissected carefully. 

Unfortunately, hardly anything of their writings is preserved, 
and just as little of Marinus, the precursor of Galen, whose twenty- 
volume anatomy has only been preserved in Galen’s abstract, ns 
have some facts concerning the advances of Herophilus and Erasi¬ 
stratus. Thus it appears to me to be justified to let this epoch reach 
to Galen. 

Galen of Pergamos, who lived in the third century of the present 
era, was mbre student and compiler of extraordinary industry than 
original investigator, but nevertheless he must be placed at t ic 
apex of the second period of anatomic study, partly because >< 
brought together everything which had been determined be oic 
his time, exercised critical judgment on it, and added to it ns own 
investigations, which, however, were only obtained on animal 
material, especially apes; principally because the standard of 
anatomic science codified by him remained authoritative for all 
the cultured races for 1300 years and more. During all this time 
his work remained the authority, an almost unique example in the 

history of science. f . 

Several causes coincide to explain this striking fact. One of these 
is, of course, the giant work which Galen performed. It seemed 
built to fast for centuries. The principal reason is that man hesi¬ 
tated to lay hands on human bodies, and if in each century a few 
physicians rose above such thoughts, where could they find a place 
to carry on anatomic studies? Even a simple opening of the body, 
“obduction," was not permitted. There were no “Anatomic Insti¬ 
tutes." These were reserved for a later epoch. If, occasionally. 
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the opportunity offered for the performance of an autopsy, the 
deviation found in one or a few cases was not sufficient to shake 
an authority as well founded as Galen’s. For that, a material was 
required like that on which Vesalius worked, and a mind like his 
own to interpret it. 

Andreas Vesalius (1515 to 1564, his period is usually given, 
although neither date is certain) and Gabriel Fallopius made a 
new departure in anatomy. They replaced uncertain data, mostly 
founded on chance observations and on animal dissections, by 
systematically arranged observations, based on methodical inves¬ 
tigations of human bodies. I name Fallopius with Vesalius, not 
only because he immediately corrected many false ideas of the latter, 
but because he was one of the most accurate observers whom we 
find in anatomic literature, and therefore, in his short life (1523 
to 1562) made so many discoveries in the realm of descriptive 
anatomy that he was equaled by no one before or since, and finally 
because we have received from him the first orderly attempt toward 
a general anatomy. As third among the founders of scientific ana¬ 
tomy, Eustachius of Rome, the contemporary of Vesalius, must be 
mentioned. 

Even before the time of Vesalius, comparatively systematic autop¬ 
sies on human bodies had been undertaken, especially in Italy, and 
even in a scientific wav, and with the agreement of the government. 
This was the case in Bologna, Venice, Rome, Florence, Padua, and 
other places. Padua possessed as early as 1446 an anatomic theatre. 
Vesalius himself, born in Brussels, received the greater part of his 
anatomic education at Paris and Louvain. Thus we see that the 
final complete revolution was to some extent prepared for, as new 
periods always have their dawn. 

From Johannes Muller and his pupil Schwann we must date the 
last period of the development of our knowledge. Men like Malpighi, 
Morgagni, William Harvey, Albrecht von Haller, and K. E. von Baer, 
have, indeed, carved lasting marks in the flourishing tree of our 
science by their brilliant discoveries and well-founded systematic 
compilation of contemporary anatomic studies, as well as by fruitful 
comparisons of the same, with allied sciences, but none of these had 
t ho same epoch-making influence as Muller and Schwann. The found¬ 
ing of the cell-doctrine by Schwann, 1839, which first made possible 
a scientific general anatomy and histology, was the most influential. 
At the same time, through the action of Muller’s genius, another 
vpirit was introduced into anatomic descriptions in general anatomy, 
as well as in embryology and comparative anatomy, of which the 
composition of Henle’s text-book of systematic anatomy on the one 
hand, and Gegenbaur’s work on the other, give proof. At the same 
time the text-books of histology and general anatomy, as well as those 
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of topographic anatomy, begin to be more numerous; also the special 
treatises on these subjects, and, finally, the searching investigation of 
specialists in the anatomy of certain regions begins at this time. 

Human anatomy continues to develop itself more and more com¬ 
pletely in all these directions up to our own day. We must recognize 
the branch of human anatomy, and limit ourselves to this branch 
according to the following scheme: 

(1) Descriptive anatomy of the human body. 

(2) Topographic anatomy of the human body. 

(3) General anatomy. 

(4) The anatomy of different ages of man from the first develop¬ 

ment until natural death caused by old age. 

(5) The anatomy of the human races in all these relations. 

All these must receive scientific enlightenment from the general 
history of development, as well as from comparative anatomy of that 
branch of animals to which man belongs physically, the vertebrata. 

I may be permitted to make here an explanatory observation. We 
must distinguish sharply, as is not always done, between general 
anatomy, histology,or the study of tissues,and microscopic anatomy. 
General anatomy is the most inclusive. Histology is only a small 
part of general anatomy, which also includes general morphology, 
the study of the form of the animal body, especially in connection 
with the vertebrata, as well as the general physical properties of the 
component parts of the human and animal body. Chemical considera¬ 
tions, of course, come in also. Microscopic anatomy is, on the con¬ 
trary, an artificially created division which practical necessity has 
permitted to remain. It belongs to descriptive as well as to gen¬ 
eral anatomy, and has no sharp limits from descriptive anatomy 
as far as this can be determined by observation with the naked eye. 
With the same justification one might speak of a maceration anatomy, 
of a staining anatomy, of a dissection anatomy of a serial section 
anatomy. By the retention of the term microscopic anatomy we only 
satisfy a practical need. It must be clear to us that it remains de¬ 
scription, whether the anatomy of the external form and relation¬ 
ships, for instance, of the human liver is depicted, and the form, 
color, and limits of the lobes is described,or whether the construction 
of these lobes from special liver cells, as the essential part and from 
a connective tissue framework with blood and lymph vessels, nerves 
and fine bile-ducts, is demonstrated and the details of their relations 
described. 

This, in my opinion, is the way in which the realm and position 
of human anatomy in the plan of science must be considered. 

In conformance with the task set before us, we must now deter¬ 
mine to what causes and motives the development of human anatomy 
is due, and which sciences have assisted in its development. 
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We may divide the causes and motives into immediate and medi¬ 
ate. As far as we can tell, it was the needs of medicine and of the 
treatment of the sick which, in the most ancient times, gave origin 
to the investigation of the human body. 1 do not consider here the 
knowledge of the external form, which the simple observation and 
examination of the naked body and the necessity of naming the 
individual parts must give. Animal sacrifice and divination from 
sacrifices, still more human sacrifice and cannibalism, as well as the 
examination of large wounds and the natural attempt to bind them 
up, in order to stop hemorrhage and to replace dislocated limbs, 
as well as the occurrences during delivery and in many other con¬ 
nections, gave man from his first appearance on the earth an oppor¬ 
tunity to attain anatomic knowledge. We find it among the prim¬ 
itive people of to-day, to the extent to which a people without script 
can attain. The oldest anatomic and medical writings which have 
come down to us show, already, a mass of facts obtained in the above 
way, which was perhaps greater than those in any other realm of 
biology at that time. 

Knowledge developed more rapidly with the awakening of scien¬ 
tific medicine. At first it was naturally the requirements of practice, 
particularly those of surgery and obstetrics, which were the cause of 
development. The requirements of internal medicine were not felt 
until later. Much later, but with so much the greater energy, physi¬ 
ology, zoology, comparative anatomy, and human pathologic ana¬ 
tomy showed their effect. The last, as well as human physiology, 
is inconceivable without an accurate knowledge of human anatomy. 
Zoology, comparative anatomy, and embryology are not absolutely 
necessary to human anatomy, but none of these sciences can fully 
reach its goal without a knowledge of the most highly developed 
creation, man. 

State medicine felt the need of caring for anatomy among the 
latest of the branches of medical instruction, but finally furthered 
anatomic study. At the same time jurisprudence comes into relation 
with anatomy, with animal as well as human. 

In all of this connection, excepting that of jurisprudence, the 
biologic character which all have in common played a part. But 
even the purely mental sciences, especially philosophy, and in this, 
above all. psychology and the theory of perception, as well as the 
history and beginnings of philosophy, required a study of anatomy 
for their further development. The relations of the latter to psych¬ 
ology and the theory of perception, as well as to other branches 
of philosophy, first became striking when we began to penetrate 
more deeply into the finer anatomy of the brain. Here, in spite of 
books so numerous that one might fill libraries with them, we still 
stand in the first stage of our knowledge. The anatomy of the brain 
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is of little more use to philosophers than was the Galenic anatomy 
to the surgeons of that time. Philosophy will thus remain one of the 
factors which continually stimulate more detailed anatomic studies. 
We shall return to this later. 

Manifold are the facts concerning human anatomy which are 
found in history and tradition. In the first place, the history of 
human anatomy is an important part of general history, especially 
of the history of education. To determine the history of anatomy 
requires a considerable knowledge of the subject. Illustrations of 
anatomic objects occur frequently among prehistoric remains. I will 
recall only votive tablets and relics. With an accurate knowledge of 
anatomy, many facts in the history can be rightly determined. The 
method introduced and developed by Welcker, His, and Kollmann, of 
reconstructing the head by placing skin and hair over the skull bone, 
can be of importance in the determination of the identity of a person¬ 
ality. Although we are now only at the beginning, I am convinced 
that we may expect much of value from this method. 

The reconstruction of the head has, also, a relation to one of 
the most important non-medical contributors to anatomy, the fine 
arts. Since early times its requirements have given an impulse to 
the study of anatomy, especially to that of the external form and the 
anatomy of bodies in motion. We may, indeed, say that it was 
the artists who first developed and furthered the study of this branch 
of anatomy. I need only recall Leonardo da Vinci, Michael Angelo, 
Raphael Sanzio, and Albrecht Diirer. To this point also we shall 
return. 

Finally, we may say, according to the proverb, "Homo sum. 
humani nihil a me alienum puto,” that everything connected with 
man and with humanity requires a knowledge of the construction 
of the human body. We need not be surprised, therefore, if advances 
in the study of anatomy come from unforeseen and unexpected direc¬ 
tions. I shall only mention here the great realm of sociology and 
personal hygiene. 

Although these are the principal factors which have required a 
study of human anatomy, and which in the future will impel a pro¬ 
gressive development and increase in the knowledge of the same, 
there is one factor which must not be left out of consideration, which 
is and will remain active in the development of all sciences, as well as 
of human anatomy. This is the great advance in the general condition 
of scientific and public life, as well as in the condition of the masses. 
Such advances may require a long preparation, but in a short period 
great advances and discoveries will occur, astonishing the people 
themselves. Thus,fortunate political conditions, political revolutions, 
and social changes, even fortunate wars, whose result is a long time 
of peace, may mean the beginning of a new period, as well for the 
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conqueror as for the conquered, accompanied by rapid development 
in all branches. All these things act as yeast upon the intellectual 
labors of a people. Can it be a mere coincidence that the first improve¬ 
ment of medical knowledge by the Hippocratic school occurred at 
the time of Pericles, that the Galenical school followed soon after 
the bloody time of the Roman emperors, that previously the develop¬ 
ment of anatomy in a high degree occurred in the short and bloody 
period of the Ptolemies, or finally, that the almost phenomenal blos¬ 
soming of anatomy at the time of Vesalius, Eustachius, and Fallopius 
followed soon after the beginning of the Renaissance, the invention 
of printing, and the discovery of America? A wonderful period this 
was at the beginning of the sixteenth century! 

Philosophy, the mother and starting-point of all sciences, in 
which they all come together, assisted materially in its develop¬ 
ment, not only because it placed new problems before anatomy, 
but because its recent conceptions and systems have affected the 
progress of anatomy and that of related sciences, to a degree hardly 
suspected by those who have accepted its ideas. The philosophy 
of Cartesius and the application of the inductive method by Francis 
Bacon, Bacon of Verulam, were, of course, not without an influence 
upon all natural sciences, as well as on the development of anatomic 
teaching. 

But we should appear thankless, if we did not mention the valu¬ 
able assistance which influential and sagacious men, be they rulers 
and statesmen, l>e they wealthy burghers, have given to the cause 
of anatomy. The Ptolemies, Mcdicis, many of the popes of the 
sixteenth century, the Hohenstaufcns, Frederick II, and others 
have assisted by laws and regulations in the development of ana¬ 
tomy, at a time which was most difficult and unfavorable for the 
same. In this country, in which all sciences are advancing with an 
unexampled energy, a steadily increasing number of large-hearted 
citizens consider it their greatest honor to use their hard-earned 
wealth in the service of science. 

Human anatomv has also received valuable aid from the found- 
ing of universities and other scientific institutions. If the problems 
may be mentioned which anatomy has still to solve, it will be shown 
that special grants for the same are among the most worthy objects 
for wealthy donations. 

Our science, as all others, may hope for considerable advance 
from the cooperation of the academies and learned societies of the 
w V- world, which has been brought about at the end of the century 
by the “Association of Academies. 1 ' The first problem which was 
ta' •'.{» by the Academies this year, the advancement, of the study 
<»• * ’ie brain, is in large part anatomic. I cannot neglect referring in 
tabs place to the name of William Ilis, who studied this problem 
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with all his mighty energy until his death, which occurred May 1 of 
this year,—praising him, and at the same time regretting that he 
could not survive the taking-up of this task by the Academies. 

In addition to the medical sciences, which we have already 
mentioned among the mediate influences, other natural sciences 
have had an immediate influence upon the development of anatomy. 
If medical sciences must be mentioned here again, this is justified 
by the fact that surgery, internal medicine, obstetrics, and the 
many modern specialties, have had an immediate influence upon 
anatomy, by their careful investigations on the living and the com¬ 
parison of healthy with diseased organs. They have discovered 
many new facts and shown others in the proper light, but this 
need not be gone into in detail here. 

In addition to the medical branches, human anatomy must be 
especially indebted to botany and zoology; above all, however, 
to embryology and comparative anatomy. Botany helped espe¬ 
cially in the first completion of general anatomy, above all, the 
study of the cells and tissues, and has advanced in this direction 
considerably farther than human and comparative anatomy. The 
cells themselves were first discovered by botanists, but this is 
easily understood, because the botanical objects are generally much 
easier to prepare, and especially to examine in the fresh state, than 
those of zoology and human anatomy. 

Besides these, physics in all its branches, chemistry, and mathe¬ 
matics, have given much aid to the anatomists and will continue 
to do so. 

It is, in the first instance, the estimation of mass, number, and 
weight whose improvement and refinement have always exercised 
a beneficial influence on anatomy. I shall mention here only the 
balances, the pelvimeter, the measuring-scale, the measuring-cylin¬ 
der, the micrometer* the kinds of delicate counting-apparatus, the 
manometer and thermometer, and the apparatus for the deter¬ 
mination of capillarity. We may also mention here the principal 
mechanical instruments of anatomists, knives, scissors, sounds, 
tubes, and syringes. 

Especially interesting is the history of the microtome, which was 
first made use of by the before-mentioned anatomist of Leipzig, 
William His. In this case mechanics received a great furthering 
from anatomy, before which the problem of making an uninter¬ 
rupted series of extremely thin sections of the most various objects 
was placed. 

We could hardly believe, unless we were familiar with the subject, 
what difficulties were here to be overcome, and how much genius 
was required in the performance of this task, and we are still work¬ 
ing at the problem. 
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When we compare the old anatomical apparatus of Leyser (or 
Lyser), which is described in his Culler Analomicus with a com¬ 
plete anatomic armament of the present time, we see at a glance 
the great progress which has been made in this elementary part of 
technique. The great influence of the above-mentioned sciences is 
also shown in the material which we use to-day, improved steel, 
nickel-plated instruments, etc. 

This influence is even more marked in the realm of optics. If 
we require any proof of the fact that one science can be helped 
by another, we have only to mention the relations of optics to 
human anatomy, and, of course, its relation to the other natural 
sciences. 

No other agent has done more to illumine the obscure subject 
of the human body than has light, from the simplest arrangements 
for good illumination, by the correct disposition of windows in the 
dissecting-room, to the ultra-microscope and radioscopy or “Rontgo- 
graphy." Artificial illumination has made such extraordinary ad¬ 
vances in our time that, especially with electric lighting, we can 
concentrate the light upon any given point and limit it as we will. 
Then we have the various mirrors, the vaginal speculum, which was 
known to the physicians of ancient Greece and Rome, the laryngeal 
mirror, whose fifty-year jubilee we celebrate to-day, the rhino-, 
pharyngo-, and cesophagoscopes, the otoscope, the cystoscope, 
and above all Helmholtz’s brilliant discovery, the ophthalmoscope, 
whose latest stereoscopic modification by Dr. Thorner may be seen 
here in the German “Department of Education.” All these dis¬ 
coveries have, in addition to their practical importance, been of 
the greatest service in the study of human anatomy, especially that 
of the living, and will still continue to be. 

The electric light permits, by its endless adaptability, a large 
number of additional applications, especially -for the illumination 
of body cavities and hollow organs. I will recall only the transillu- 
inination of the accessorv sinuses of the nose. 

From lenses and eyeglasses, among which are the dissection eye¬ 
glasses of IJrucke, we pass to the simple and later to the compound 
microscope, one of the most important inventions which has ever 
been made or will ever be. How great the progress is which results 
every year in this special realm, is also shown here by the exhibi¬ 
tion of the noted firm of Zeiss in Jena. Every step forward which 
is made here is of great benefit to human anatomy. 

For anatomic study and the demonstration of new facts, we may 
me it ion the drawing apparatus, the projection apparatus, the 
c* scope, and epidiascope, and above all, photography, whose 
f tore development we cannot yet foretell. With this discovery, 
France, v.-hicli opened the way and has always led in the investiga- 
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tion of light, has made an advance which cannot be too highly 
valued. 

As, in the starry heavens, the photographic plate shows us worlds 
which could have been recognized in no other way, so also the same 
plates show us finer details in the structure of the bodily tissues, 
which were only incompletely seen before. It fixes our eyes upon 
them, makes possible comparative observations, and makes much 
certain which otherwise would have remained doubtful. 

Radioscopy stands above all others in its great value for descrip¬ 
tive and topographic anatomy. This it is which, in the truest sense 
of the word, has illumined the obscurity of the human body, and, 
in connection with photography, has been one of the most important 
advances, not only in anatomy, but in general medicine. Only a few 
years have passed since Rontgen, then living at Wurzburg, made his 
overwhelming discovery, and the World’s Fair Exhibit at St. Louis 
convinces us to-day of the extraordinary importance which it has 
won for medicine. 

Physics and chemistry meet in the technique of injections, which 
are so important for the advancement of anatomy. The manufacture 
of a suitable apparatus, the syringe, in which also the air-pump 
plays a r61e, falls to mechanics, as do the thermometer and manometer, 
and, on the other hand, the production of a suitable material is aided 
by chemical studies. Since Ruysch of Holland, who was the first 
worker in this field, and his famous countryman, Swammerdam, 
Lieberkuhn in Berlin, Hyrtl in Vienna, Thiersch, the surgeon of 
Leipzig, the optician Schobl in Prague, the anatomist Tcichmann 
in Krakau, Sappey in Paris, Taguchi in Tokio. Dalla Rosa in Vienna, 
and Gerota, who was at that time assistant at the Berlin Anatomic 
Institute, and is now professor at the University of Bukarest, have 
done great service in this field; those since Tcichmann especially 
with the difficult injection of the lymph-vessels. 

Tcichmann prepared an injection-mass which is still the best for 
the rougher lymph- and blood-vessel injections. Sappey developed 
the mercury injection, which had been used by the older anatomists, 
Monro, Mascagni, Cruikshank, and Fohmann. Taguchi and Dalla 
Rosa used Japanese and Chinese lndia-ink, which had previously 
been used by von Recklinghausen for the injection of large and small 
lymph-vessels. Gerota's injection-mass, devised a few years ago, 
and the syringe of his own construction, denote a marked advance 
in the technique of the injection of the smaller lymph-vessels, which 
has already made possible important advances in human anatomy. 

These injections with soft masses were followed recently, in Ber¬ 
lin, by the injection of fluid metal masses, devised by Wood and 
Rose, which after hardening permit no more change of shape in the 
injected vessels or canals, and thus are of especial service in topo- 
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graphical anatomy. The method is also of value because Rontgen 
pictures of the vessels injected with metal can be taken, and thus 
we may determine their position without their being distended or 
stretched. Recently quicksilver injections, on account of their simpler 
technique, have been used a great deal for the taking of radiographs, 
but displacement and distortion are not excluded. Further study will 
determine what is best in each case. 

The injections of the blood-vessels of human bones recently carried 
out by Lexer of Berlin, with a special technique, show that important 
advances may be daily expected, as these injections have shown 
certain points which were hitherto unknown to anatomy. Radio¬ 
graphs of the same may be seen here in the German “ Department of 
Education.” 

A procedure which is closely related to injection is corrosion. I 
believe that corrosion following injections of metal was first carried 
out by Bidloo. Hyrtl was recognized as the master of this method, 
but in the hands of F. E. Schulze, Merkel, Schiefferdecker, Zondeck, 
and others, striking results have been obtained in the anatomy of the 
viscera, especially of the lungs and kidneys. 

The various procedures which are proposed to conserve the ma¬ 
terial of human anatomy are more allied to chemistry. Here we may 
consider the preparation of bodies for dissection, the conservation 
of separate organs, the special methods of preparation, and finally 
those for exhibition purposes in museums. Thus we may here dis¬ 
tinguish between a preparatory technique, a special technique, and 
a museum technique. We may add that these are different for macro¬ 
scopic and microscopic anatomy. I cannot stop to mention all the 
points in which anatomy must be grateful to physics and chemistry 
in this connection, but shall only mention those which have been 
recently developed. For the conservation of objects for investi¬ 
gation the method of freezing has been used, especially in America. 
France, and especially Russia, have made us familiar with the tech¬ 
nique of frozen sections, which was raised to its highest point by 
W. Braune. 

Recently in America simple hardening in strong formalin solution 
has been used instead of freezing. I have seen here, with Professor 
Potter of the St. Louis University, especially fine formalin specimens 
and sections. 

The use of chemical methods has advanced us materially in the 
art of macerating and bleaching bones. I will again recall in this 
connection the anatomist of Krakau, Ludwig Teichmann, my teacher 
in anatomy. The fibrillation procedure of Jacob Stilling of Strassburg, 
which promises good results in the preparation of brains, nerves, and 
muscles, also rests upon a chemical reaction. 

The technique of microscopic anatomy may also be considered as 
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related to chemistry. We no longer stand upon the purely empiric 
basis which has existed since the introduction of carmine into the 
technique of staining by J. Gerlach of Erlangen, when we wish to 
determine the use of a new stain. Three procedures must be men¬ 
tioned as especially valuable, the corrosion method of Carl Weigert of 
Frankfurt-on-the-Main, whose early death was deplored by all anato¬ 
mists of this land, the staining in vivo of Ehrlich, who is also known all 
over America as an investigator of the first rank, and the method of 
Dr. Kaiserling, who assisted the German universities in arranging their 
exhibition here a few months ago, the method of preserving anatomic 
preparations so that they retain their natural colors for a period 
of time hitherto not thought possible. The exhibition of the Berlin 
Pathologic Institute will give everybody an opportunity of convincing 
themselves of the superiority of this method for normal, as well as 
pathologic, anatomy. 

I can only refer in passing to the procedure of Golgi for the micro¬ 
scopic study of the central nervous system, and its recent improve¬ 
ment by S. Ramon y Cajal of Madrid, the method of Coccius, His, 
and von Recklinghausen, of impregnation with silver, that of J. 
Cohnheim, of impregnation with gold, and the osmic acid fixation 
method of Max Schultze. I may also mention that an encyclopedia 
of the technique of micro-anatomic methods has recently appeared 
in Berlin under the editorship of Rudolph Krause, which occupies 
a large quarto volume, and shows adequately how great an advance 
has been brought about in anatomic methods by the study of chem¬ 
istry. 

Of the art methods, that of taking casts is especially to be men¬ 
tioned, which has been adapted to scientific purposes by W. Ilis and 
by Born’s method of modeling with wax plates. These not only serve 
for the obtaining of specimens for investigation, but also to clear up 
obscure topographical relationships, especially in embryonal ana¬ 
tomy and the form of certain cavities. A glance at the section of this 
exhibition where this is displayed will show what a great importance 
and high development the technique of taking casts has reached. 

It may be mentioned that the relation of the fine arts to human 
anatomy was developed, to a high degree, many centuries ago. Illus¬ 
trations for purposes of instruction were prepared by Henri de Mon- 
deville (about 1300). and we find some in the book of Berengarius da 
Carpi about 1500. The recent advance in anatomic illustrations, in 
books, and in atlases, is shown by all the journals, archives, and peri¬ 
odicals connected with the subject. It is also seen in our text-books, 
which have been prepared in great numl>er in the I'nited States, of 
which I will only mention the excellent topographical anatomy of 
Deavcr, the classic work of W. Braunc and Sappey on the same sub¬ 
ject, and on the anatomy of the lymph-vessels, the recent atlases of 
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Toldt, Spalteholz, Brosike, Sobotta, 0. Schultze, and above all, the 
anatomy of the human embryo by W. His. Some of these books, 
which are well adapted to show the influence of the recent improve¬ 
ment in the technique of illustrating on anatomic teaching, may be 
seen in the German “Department of Education.” 

Finally, I will merely touch upon the marked influence which the 
founding and continuing of special archives and journals and regular 
yearly reviews and yearly compilations have had upon anatomy, as 
well as upon all other sciences. I may also mention the societies for 
the study of anatomy (since 1886) and the International Cyclo¬ 
pedia oj Literature recently prepared by the London Royal Society. 
Anatomy must also be grateful to philology, as this has made possible 
the systematization of its extremely complicated nomenclature. The 
start in this direction was made in Germany at the suggestion of W. 
His. We may hope that in the same way an anatomic language which 
will be adapted to all people will develop and retain the interest of 
succeeding generations in scientific unity. I am of the opinion that 
this will only be possible by the historic method. 

When we pass to the second part of our subject, the consideration 
of the influence and improvement which has been exercised by human 
anatomy upon other branches of art and science, we may dispose of 
it much more briefly, because the influence is generally reciprocal. 
We shall enumerate the branches concerned, as far as may appear 
desirable, and give examples here and there. It is not necessary to 
insist upon the great importance of anatomy to the other medical 
sciences. Following a noted saying, we may state “Anatomia est 
fundamentum medicinac.” Before Richard Lower had discovered 
the course of the vagus nerve to the heart, there could be no thought 
of a physiology of the cardiac action, and Marcello Malpighi’s dis¬ 
covery of the capillary blood-vessels set the keystone to Harvey’s 
doctrine of the circulation of the blood. We know how important the 
determination of normal anatomic facts is for pathologic anatomy, 
and it is not in vain that our pathologic anatomists constantly turn 
to the study of normal anatomy. Men like Morgani and Rudolph 
Virchow, C’ohnheim, Cornil, Marchand, Orth, von Recklinghausen, 
Carl Weigert, and others have clearly understood the importance of 
this close connection. 

The problem of embryology could only be definitely determined 
when Karl Ernst von Baer, in the year 1817, discovered the mam¬ 
malian ovum. The detailed investigations of human anatomy, which 
have been performed more carefully than those of any other animal, 
••• <-f the greatest importance for comparative anatomy and zo- 

•gy. 

Wc* may also see how more accurate anatomic knowledge has been 
of use to practical medicine, in the physical methods of investigation 
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in internal medicine, and in many other ways. How this has helped 
the latter may be seen by a reference to lumbar puncture, introduced 
by Quincke, which is constantly becoming more important, and 
which could only be performed after the detailed anatomic inves¬ 
tigations of Axel Key and Gustav Retzius. This method has also 
brought about a long series of anatomic studies. That we may 
conclude with a more general example, let us recall what a mighty 
and beneficial influence on the development of internal medicine was 
exercised by Hermann Boerhaave, whose Institutions Medicac and 
Aphorismi de Cognoscendis et Curandis Mor bis rest entirely on an 
anatomic basis. We may also recall how great an influence was 
exercised by the memorable Anatomie Gintralc of Francois Xavier 
Bichat. Was not the cell-doctrine necessary, before a scientific 
bacteriology could develop? How carefully every obstetrician and 
gynecologist must study the human pelvis, and every new discovery 
which is made in this branch of human anatomy is of use in practice. 
The history of the last few years shows that much is yet to be learned. 
What can I say of surgery, in which anatomy must constantly watch 
over the course of the knife? 

The great influence of anatomy on practical medicine is, however, 
shown most markedly in special branches, laryngology, rhinology, 
otology, neurology, urology, etc. When a physician wishes to devote 
himself to any of these branches, he first studies carefully the anatomy 
of the particular part. If he has forgotten this, he is forced to review 
it carefully unless he wishes to become a charlatan. The anatomists 
can instruct him on this point, and it is not necessary for me to speak 
more at length about it, in this country in which special branches are 
so strongly developed. 

We need not prove that human anatomy forms an indispensable 
basis for anthropology, ethnology, and sociology. We need only recall 
the names of Blumenbach, R. Virchow, and Anders and Gustav 
Retzius, father and son. 

Further study and advance in the knowledge of anatomy is also 
important for philosophy, especially for psychology. This stands 
to reason. The investigation of the brain is the task of human anatomy. 
The organ of thought must be investigated to its smallest details, and 
we may state without fear of contradiction that philosophic sciences 
will burst into renewed bloom, when anatomy and physiology have 
cleared up the dark and intricate labyrinth of the brain. Much that 
can now only be reached with effort, and is then hardly clear, will 
become comprehensible. 

And now, last, not least, the fine arts. The representation of men, 
be it as a true and characteristic imitation, as a portrait, be it in 
historic paintings, in ideals, in caricatures, whether with the brush 
and pencil or with the knife and chisel, will always be the principal 
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task of the fine arts and demand its greatest powers. To give a picture 
exact in the smallest details, I might say a photographic representa¬ 
tion of the human figure, is not the aim of art. It should much more 
give what is characteristic in the expression, in a portrait, as the posi¬ 
tion of the limb and the attitude of the body should stand in relation 
to the expression in painting, and, I may say, give the point to carica¬ 
ture. In order to illustrate the last point, tell the same joke to two 
different persons; one breaks forth spontaneously into hearty laugh¬ 
ter, while the other laughs only in order not to seem discourteous. 

I can give no better example of what photography may do for us, 
than the exhibition of persons walking, which are often shown in our 
illustrated journals. The photograph has exactly shown the phase 
of the step, at the moment of the exposure, and yet this reproduc¬ 
tion is ugly and even ridiculous. The step as a whole is composed 
of a coordinated series of little motions, which we may analyze by 
instantaneous photography. When we arrange these “phase pic¬ 
tures ” close to one another, by a special apparatus, the kinemato- 
graph, the natural movement of walking again appears. The artist 
must understand this. He must represent motions, in his figures, 
at the most characteristic time. Then their effect is natural, and 
they attract us. I see, in the fulfillment of this task, the anatomic 
side of the fine arts; and here anatomy has been of the greatest 
service to art, and with the development of methods will become 
still more so. Thus the artist must study human, and in certain 
cases animal, anatomy, as this gives a firm basis for the further 
study of the living body, in rest and in motion. From the naked 
figure we shall then pass to the clothed, and study the changes 
which are made in the position of the standing and moving figure 
by restricting garments. Thus are made the magnificent draped 
figures, in statues and paintings, which so please and surprise us. 
The observation and close imitation of nature, combined with ideal¬ 
istic modification of the same, is what we wonder at in master¬ 
pieces. Although the head of the Venus of Milo is treated some¬ 
what conventionally, we cannot deny that the rest of the body lives, 
and we expect, every moment, the marble breast to stir with life. 
It is this, also, which attracts us to the masterpiece of Velasquez 
in Prado, “Las Lancas.” and which causes us to gaze with wonder 
and sympathy at the motion and expression of the two principal 
figures. This is also shown in the portraits of this painter, perhaps 
the most noted of all artists, and also in the portraits of Holbein, 
I hirer. Raphael, and Rembrandt. 

\\ e find the same truth and comprehension of nature in the 
shim!! and quiet figures of Meissonier and Millet, and we find it again 
in the marble statues of Hildebrand and Schaper, whose statue of 
Goethe, in the Berlin Zoological Garden, appears to me to be the 
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model of an idealized draped figure in a position of rest. It is not 
possible to reach the greatest perfection without careful anatomic 
studies, either on the dead or on the living. I am well aware that 
there have been good painters who have bothered little about 
anatomy; it is not anatomy alone which enables the artist to per¬ 
form great works; but perhaps every one of those masters who has 
not been well trained in anatomy would have done better with a 
good anatomic knowledge. That which belongs to the artist, as 
such, can only be strengthened and refined by a careful study of 
anatomy. The before-mentioned great artists of the fifteenth cen¬ 
tury realized this perfectly, as is shown by the numerous anatomic 
studies which they have left. Fra Bartolommeo worked in the same 
way. 

Thus we see that human anatomy receives much from her sister 
sciences and from the arts, and gives much to them, and what she 
gives is greater and more valuable than what she receives. This is 
because she is the basic science of all biology, because she has made 
the most highly organized being the subject of her studies. Besides, 
she has the advantage that she may be assisted by observation of 
one’s self, as can no other branch of biology. We shall only compre¬ 
hend the mechanism of the living body when our anatomy of the 
human central nervous system is further developed. Here we arc 
still, as I have already mentioned, only at the beginning of our 
knowledge. Let us hope that interest in our investigations and 
methods will receive greater diffusion by the example of the found¬ 
ing of the academies of the world. Let us hope that the horror of 
the material of anatomists will disappear more and more from all 
classes of humanity, especially from the circle of the educated. 
We must attempt to reach the point where all assist with the good 
work. Sapienti sat. 
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For the solution of the problems presented to him, the anatomist 
is by no means limited in his technique to the scalpel or the micro¬ 
scope, but justly claims the right to use every aid to research which 
other departments of science are able to furnish. His position, 
therefore, in the scientific field is determined by the standpoint 
which he occupies and from which he regards animal structures, 
rather than by any special means and methods employed for their 
study. 

By common consent anatomical material includes not only struc¬ 
tures which may be easily dissected and studied with the unaided 
eve, but also those which tax the best powers of the microscope for 
their solution. But even within such wide limits the material that 
ordinarily comes to hand leaves much to be desired, and in elucidat¬ 
ing this or that feature in the structures under examination, it is 
often found necessary to modify the physiological conditions under 
which these structures have been working, in the hopes that their 
appearance may be altered thereby, and so be more readily under¬ 
stood. 

Taken in a broad way, this is the reason why the data of patho¬ 
logy and experimental morphology are so important for the devel¬ 
opment of anatomical thought, helping as they do in the solution 
of the problems connected with the finer structure of the animal 
body, just as embryology and teratology illuminate the gross mor¬ 
phological relations in the adult. 

I am quite aware that in making the foregoing statements I have 
suggested more modes of investigation than are at present used in 
connection with man. But the anatomy of the human body in 
adult life forms in itself so limited a field that no investigator can 
possibly confine himself to this portion alone, and there is every 
reason for here treating the subject in the larger way. As we see 
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from the history of human anatomy, it was brought into the medical 
curriculum in response to the demands both of physiology and sur¬ 
gery, but gradually became most closely associated with the latter. 
For a long time its relative significance as a medical discipline was 
very great, because it represented the only real laboratory work 
which appeared in the training of the medical student. Indeed, a 
generation ago the exactness of anatomical methods was so lauded 
in comparison with the methods then commonly used in medicine, 
that anatomists came to scoff at the vagueness of their colleagues, 
while to-day, if we may be persuaded by some of our physiological 
friends, they have remained only to prey on the time of students 
who might be better employed. Although such a thrust may be 
readily parried, it is, nevertheless, necessary to admit that times 
are changed, and that as a laboratory exercise human anatomy is 
to-day outranked by several of the subjects in which the laboratory 
work permits a more precise formulation of problems and their more 
rapid and definite solution. However, it still retains, rightly enough, 
much of its former eminence. 

Among the problems in human anatomy, there is. perhaps, none 
more important than the way in which it is to l>c presented to the 
five young gentlemen ranged around a subject in the somewhat 
trying atmosphere of the dissecting-room. Just what they may be 
expected to learn from such an experience would require some time 
to state. Certain it is that these beginning anatomists are almost 
all of them intending to become physicians, and some of them to 
become surgeons, and to this end they are building up a picture 
of the human body which will be useful to them in their profession. 
They are doing this by the aid of the best pedagogical means at their 
command, namely, the reinforcement of the ocular impressions 
by the contact and muscular sensations that come from the actual 
performance of the dissection itself. If previously they have had 
some experience in the dissection of the lower mammals, they will 
note at once the differences shown in the case of man. and it their 
embryology is at their command, it will Ik* easy for them on sug¬ 
gestion or on their own initiative to appreciate how some of the 
peculiar relations between parts of the human body have been 
developed. Beyond this the information obtained is of the same 
order as that of the vocabulary of a language. The student gets 
a certain number of discrete pictures of the different parts of the 
body more or less clearly impressed upon his mind, and when he 
has occasion later to deal with these same parts, he has the advan¬ 
tage of finding himself in the presence of familiar structures. How 
far in this first experience the special groups of facts which are some¬ 
times set apart under the head of surgical anatomy should be intro¬ 
duced, is a more or less open question. The present weight of opinion 
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demands that they should still be kept by themselves. Nevertheless, 
while the anatomical experience of the average medical student 
should rest on a broad scientific background, he should at the same 
time have a distinct appreciation of the eminently practical value 
of the information he is expected to acquire. 

The question at once arises how the monotony of long-continued 
dissection can be relieved, and the student maintained in a con¬ 
dition of sufficient receptivity to make the work really worth while; 
for the acquisition of vocabularies has never been counted as one 
of the greater pleasures of life. There are several legitimate devices: 
in the first place, if it is possible, for the student to have near at 
hand a microscope which may now and then be used for the examin¬ 
ation of the different tissues as they appear in the cadaver. This 
cross-reference between the gross and microscopic appearance will 
serve to bring into close connection with one another two classes of 
facts which are often separated to their disadvantage, and to revive 
the histological pictures which should be incorporated in gross 
structures, but which in most cases remain forever apart from them. 
On the other hand, a search for anomalies or variations serves to 
give both a reality and purposefulness to the work and to make a 
student feel that in return for the large amount of time necessarily 
required for his anatomical training, he is, in some small measure at 
least, contributing to the science. It is unavoidable, this expenditure 
of time, and absolutely necessary that the student should do these 
things with his own hands, in order to obtain the three-dimensional 
impression of the structure with which he deals. 

In this connection just a word as to the way in which the beginner 
may be aided in the comprehension of his work. The excellent 
diagrams and pictures which are now used to illustrate the b st 
anatomical text-books carry us as far as that means of assistance 
can probably go. Pedagogical experience points strongly, however, 
to the superior value of the three-dimensional model, and although 
such models are more difficult to collect, harder to care for, and 
require more space and caution in their use, they are so far superior 
to any other device, except an illustrative dissection itself, that the 
collection of them in connection with anatomical work becomes a 
moral obligation. 

If we turn now to the wider uses which may be made of anatomical 
material as it usually appears in the dissecting-room, we find that 
a number of directors of laboratories have been utilizing this material 
for the accumulation of data in such a form that it may be later 
treated by statistical methods. Thus they have weighed and meas¬ 
ured in different ways various parts of the cadaver, and in some 
cases determined the correlations between the organs or parts 
examined. It cannot be too strongly emphasized that the results 
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thus obtained are to be used only with the full appreciation of the 
fact that the material ordinarily available for examination in the 
dissecting-room belongs in all countries to a social group which 
contains the highest percentage of poorly developed and atypical 
individuals. The conclusions, therefore, that can be drawn from 
the investigations of this material must always be weighted by its 
peculiar nature. To illustrate what is here meant by the peculiar 
character of this material, we may take as an instance the bearing 
of the results obtained from material of this sort on the problem of 
the brain-weight in the community at large. It must be admitted 
that the figures which we have at our command for this measure¬ 
ment are, with the exception of one short list, derived from the 
study of individuals belonging to the least fortunate class in the 
community, and it is not fair, therefore, to carry over these data 
and apply them directly to the average citizen who is of the normal 
type and moderately successful in the general struggle for exist¬ 
ence. From what has been said, it is plain that much of the work 
now being carried on in the dissecting-room comes very close to the 
lines which have been followed for years by the physical anthropo¬ 
logists; yet, because these have for the most part concerned them¬ 
selves with the study of the skeleton, have limited their comparisons 
to the various races of men, and have developed no interest in 
surgery, they have for a long time stood apart, and only recently 
joined forces with the professional anatomists. This step has cer¬ 
tainly been to the advantage of anatomy, and as one result of it, 
anatomical material not previously utilized will now be treated by 
statistical methods. But all the work to which reference has here 
been made is on the body after death. So manifest are lhe dis¬ 
advantages arising from the conditions which are thus imposed 
that the necessity is felt on all sides of extending our observation 
as far as possible to the living individual. As an example of such 
an extension, we have the determination of the cranial capacity 
and brain-weight in the living subject which has resulted from the 
labor of Karl Pearson and his collaborators. 1 The methods which 
have been employed for this purpose are capable of giving as accu¬ 
rate results as arc ordinarily obtained from post-mortem examina¬ 
tions, and, moreover, have the advantage of being applicable at 
any time to any group in the community which it is desired to 
investigate. 

To redetermine, as far as possible, from studies on the living, 
all the relations which have been made out post-mortem, becomes 
a very immediate and important line of work. 

But even under the general limitations which apply to the dis¬ 
secting-room material, it is desirable to refine our knowledge of 
1 Pearson and collaborators, Phil. Transactions of the Royal Society, 1901. 



382 


HUMAN ANATOMY 


the human body by classifying the subjects according to race, and 
thereby bringing into relief the slight anatomical differences that 
exist between the well-marked races of Europe and the races of 
other parts of the world. The history of anatomical differences 
due to sex lacks several chapters, and it is possible also to show 
the modifications of structure which come from the lifelong pursuit 
of certain handicrafts which call for peculiar positions of the body or 
for the unusual exercise of certain muscles; as, for example, the 
anatomy of a shoemaker. 1 

Such results as the one last mentioned have a direct bearing on 
the modifications of the human form which may be introduced 
by peculiarities of daily life and work, and bring anatomy into 
connection with the problems of sociology; while, on the other 
hand, both lines of work are contributory to the broader questions 
of zoological relationship and susceptibility to modification. 

Yet when we have gained all the information which the scalpel 
can give, there still remains the whole field of finer anatomy, the 
extent of which it is so difficult to appreciate. 

While recognizing that the human body may be regarded as a 
composite, formed by the fitting together of the series of systems, 
and while, in some instances, we have a more or less accurate 
notion of the way such a system appears, — as. for instance, in the 
case of the skeleton,—yet a much better understanding of the 
relation of the soft parts would follow an attempt to extend this 
method of presentation, and to construct phantoms of the body 
in the terms of its several systems in some way which would show 
us the system in question as an opaque structure in a body other¬ 
wise transparent. This is. of course, the final aim of the various 
corrosion methods, or those which depend on injection or differ¬ 
ential coloration of structures which may be viewed in three di¬ 
mensions. 

When the vascular, lymphatic, nervous, and glandular systems 
can be thus exhibited for the entire body, or for the larger divis¬ 
ions of it, it will be possible to see the human form transparently, 
and to see it whole; a feat difficult to accomplish, but worthy of 
earnest endeavor. The development of such phantoms should 
serve to make more impressive the familiar fact that in many or¬ 
gans and systems the total structure is built up by-a more or less 
simple repetition of unit complexes, as. for example, the liver by 
the hepatic lobule, the bones by Haversian systems, and the spinal 
cord by the neural segments. 

If we pass now from the consideration of the systems of tissues 
lo 'hat of their structural elements, we enter the domain of his- 

1SS$ : : t ‘ ’ A '’ Journal °f Anatomy and Physiology, vols. xxi and xxu, 1887 and 
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tology and cytology. Starting with the differentiation of the tis 
sues by means of empirical staining methods, investigators have 
gradually come to appreciate the chemical processes which under¬ 
lie the various color reactions, and as we know now, there already 
exist methods for determining in the tissues several of the chem¬ 
ical elements, such as iron, phosphorus, etc., to say nothing of the 
more or less satisfactory identification of complex organic bodies 
by means of definite reactions. This being the case, it is possible 
to imagine representations of the body built up on the basis of 
these microchemical reactions, representations which would show 
it in the terms of iron or in the terms of phosphorus, thus yielding 
us an image which might be compared with that obtained by aid of 
the spectroscope when the picture of the object is taken by means 
of one out of the several wave-lengths of light which come from it. 

The contemplation of the multitudinous opportunities for in¬ 
vestigation and comparison which appear within this field lead 
us to pause and inquire what is properly the purpose of all this 
anatomical work; for without a strong guiding idea we arc liable 
to repeat the errors of earlier generations, and merely accumulate 
observations, the bearing of which is so remote from the actual 
course of scientific progress that the investigations are mainly use¬ 
ful as a mental exercise for the individuals who conduct them. Ana¬ 
tomical results begin to have a real meaning only when correlated 
with physiology, and when we learn that a tissue with a certain 
structure is capable of performing given functions, we feel that we 
are really bringing our anatomy into touch with the life-processes. 
It is to aid in the accomplishment of this end that men devote their 
lives to anatomical work. With the variation that we find every¬ 
where in organic structures, it should be and is possible to discover 
by comparison what variations in the structure of a tissue or a 
cell are accompanied by the best physiological responses. It is 
along this line that we must necessarily work in order to reach 
human life, either through medical practice or other avenues of 
approach, for in the end the object and purpose of all science is 
to ameliorate the unfavorable conditions which surround man, 
and in turn to produce a human individual more capable of resist¬ 
ance to disturbing influences, and better suited for the enjoyment 
of the world in which he lives. 

Considering anatomical work with this thought in mind, the pro¬ 
blems which it presents can be grouped according to their relative 
value and importance. The approach may be made from two sides. 
On the one hand it is, for example, extremely worth while to direct 
years of labor to the determination of the finer structure of living 
substance, because the more closely we approximate to a correct 
view of that structure, the more readily will our anatomy and physi- 
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ology run together, and the clearer will be the conception of the 
sort of structure which it will be most desirable to increase for the 
attainment of our final purpose. On the other hand, if we .follow 
the path from the grosser to the finer anatomy, we are led to in¬ 
quire whether there is any one part or system of the human body 
which at the present moment is specially worthy of attention. 
When we say that the nervous system is such a part, I think that 
even those who are not engaged in the study of it will admit that 
there are some grounds for the statement. The peculiar feature 
which sets the nervous system apart is the fact that its enlarge¬ 
ment, both in the animal series and during the development of the 
individual, is in a very special way accompanied by changes in its 
physiological and psychological reactions. To be sure, we think of 
it as built up fundamentally by the union of a series of segments, 
but the relationship established between these segments becomes ul¬ 
timately so much more important than the constituent units that in 
the end wc find ourselves working with a single system of enormous 
complexity, rather than a series of discrete units; a state of affairs 
which is not paralleled in any other tissue. In addition to this, the 
nervous system as a whole is par excellence the master system of 
the body, and as such, the reactions of the organism are very largely 
an expression of its complexity. Indeed, within the different classes 
of vertebrates, the various species may be regarded as compound 
bodies composed of four fundamental tissues, and a species could 
well be defined by the quantitative relations found to exist be¬ 
tween the nervous, muscular, connective, and epithelial constitu¬ 
ents. Working from this standpoint, Dubois, 1 the Dutch anato¬ 
mist, stimulated by the work of Snell, 2 has brought forward evi¬ 
dence for the view that when, within the same order, several species 
of mammals similar in form, but differing in size, are compared 
with one another, the weight of the brain is found to be closely 
correlated with the extension of the body surface, and by inference 
wit h the development of the afferent system of neurones. This view 
would seem to imply that in these cases there is the same density 
of innervation of each unit-area of skin; but the correctness of this 
inference can only be determined by the careful numerical study of 
the afferent system of the animals compared. It will appear, how¬ 
ever. that under the conditions imposed the relative weight of 
the brain depends upon the fact that each unit-area of skin, repre¬ 
sented by the nerves which supply it, calls for a correlated addi¬ 
tion of elements to the central system, and thus the increase in 
one p.followed by a corresponding increase in the other. When, 
however, the large and small individuals within the same species 

’ U.*J Archiv fur Anthropologic, 1898. 

' Snell, Archie fur Psychiairie und Xervenkrankheitcn, 1892. 



PROBLEMS IN HUMAN ANATOMY 


385 


are compared, it is found that the increase in the brain-weight fol¬ 
lows quite another law, and that in this latter case it is relatively 
much less marked than in the former. This result at once suggests 
that the mechanism of the increase is dissimilar in the two cases. 
For the solution of the problems that are raised by such investi¬ 
gations as those just cited, we need to employ quantitative methods, 
and on this topic a word is here in place. 

Microscopic anatomy and histology, like all the sciences, have 
passed through a series of phases which are as necessarily a part of 
their history as birth, growth, and maturity are a part of the life- 
history of a mammal. The microscope in its early days enabled 
Schwann to propound the fruitful theory that the tissues were 
composed of cells. A preliminary survey showed that these cells 
were different in their form and arrangement in the different parts 
of the body, and a still more careful examination with the aid of 
various dyes or solutions altering the tissues in a differential way 
gave the basis for yet finer distinctions. This phase in the develop¬ 
ment of the science, however, may be fairly compared with quali¬ 
tative work in chemistry, where the object is to determine how 
many different substances are presented in the sample examined. 
Naturally, the next step is the introduction of quantitative methods, 
and we are, therefore, now using the methods of weighing, measur¬ 
ing, and counting for the purpose of rendering our notions more 
precise, and thereby facilitating accurate comparisons. When 
emphasizing this point, we do not, however, forget that hand in 
hand with this quantitative work the qualitative tests have been 
marvelously refined, and that these necessarily form the foundation 
for quantitative work, since all such work must deal with the ele¬ 
ments or groups of elements which can be sharply defined, and the 
basis for their definition is given through qualitative studies. As 
progress is made along these lines, we appreciate more and more 
that it is of importance for us to know not only how much brain 
and how much spinal cord by weight normally belong to a given 
species of animal, but also the quantitative relations of the different 
groups and classes of elements which compose these parts. We are 
continually asking ourselves how far the range in gross weight of the 
central nervous system may be dependent on changes in the number 
of elements in the different divisions or localities, and how far 
dependent on the mere increase in the bulk of the individual units 
without any change either in their absolute number or relative size. 
Work along this line rests as we know on the neurone theory, that 
epoch-making generalization concerning the structure of the nerv¬ 
ous system which was put forward by our honored colleague 
Professor Waldeyer. 1 Most of us are aware that, at the moment 
1 Waldeyer, Deutsche medicinische 1 Vochenschrift, 1891. 
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this theory is the subject of lively and voluminous discussion, and 
that Nissl, 1 for example, urges the inadequacy of the conception 
on the ground that it does not account for the gray substance in the 
strict sense. 

No one can fail to appreciate the very great importance of the 
satisfactory conclusion of the present dispute, and earnestly desire 
that we may obtain conclusive evidence on points involved; but how 
ever the question of the gray matter may be settled, the enormous 
importance of the neurone conception, and the value of it for the 
purposes of the microscopic analysis of the nervous system, will 
remain untouched, while our quantitative determinations, applied 
to the neurone as we now understand it, will still have a permanent 
value. 

Returning to the questions which are raised by the previously 
mentioned investigations of Dubois, we require in the first instance 
to determine the number of neurones connecting the skin with the 
central nervous system, and to see how this number varies in the 
different species of mammals similar in form but unlike in size. 
There is only one animal, the white rat, on which as yet such studies 
have been made, so that the whole field lies practically open. Should 
we be able to get good numerical evidence in favor of the view that 
under the conditions named above the afferent system could be 
taken as an index of the size of the brain, it would show us at once 
that in the laying-down of the nervous system certain proportions 
were rather rigidly observed, and bring us to the next step, namely, 
the determination of the influences which control those proportions 
and the possibility of effecting an alteration in them. In the mean 
time, there is every reason to prepare for the application of these 
results to man, and although the programme here is simple enough 
to state, it will involve great labor to carry it through. 

So far as the numerical relations in man are concerned, we have, 
through the work of Dr. Helen Thompson 3 an excellent estimate 
of the number of lierve-cell bodies in the human cortex, and through 
that of Dr. Ingbert, 3 a reliable count of the number of medullated 
nerve-fibres in the dorsal and ventral roots of the thirty-one pairs 
of spinal nerves of a man at maturity. It is easy to see. however, 
that we must get some notion of the amount of individual varia¬ 
tion to which these relations are subject within the limits of one 
rare and one sex before it is desirable to attempt to learn whether 
11 .«* difference in race or sex here plays an important role. It is to be 
anticipated, however, that the differences dependent upon race and 
will |>c comparatively slight, and especially so when contrasted 

' \issl. Die Xcurormhhre vnd ihre Anhiingrr, 1003. 

: Thompson, Journal of Conip>iratire Xcuridogg, 1S99. 

: In*'t»« rt. Journal of Comparative Xeurotogp. 1903 and 1004. 
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with the differences which we may anticipate as existing between 
the adult and the child at birth. This aspect of the problem illus¬ 
trates, in a concrete form, the sort of question which is raised by 
the anatomical study of the body during the period of growth. 
The embryologists have worked out the formation and early devel¬ 
opmental history of the various organs and parts of the human 
body, but the study of the later fetal stages have been blocked by 
the scarcity of material, and the inconvenience of dealing with it. 
On the individual at birth, we have again more extensive observa¬ 
tions, but for the period comprised between the first two years of 
life and the age of twenty our information is again scanty. The 
lower death-rate during this part of the life-cycle, as well as social 
influences, combine to keep material between these ages out of the 
dissecting-room. Here is an important part in the life-history of 
man which needs to be investigated along many lines, and during 
which it is most desirable to have a record of the changes in the 
nervous system expressed in quantitative terms. In the general 
problem which is here under discussion, our next step would be to 
enumerate in man at birth the medullated nerve-fibres in the roots 
of the spinal nerves. Such an enumeration will probably show us 
between birth and maturity a very large addition to the number of 
these fibres, but we still have to determine at what portion of the 
period, and according to what laws this addition takes place. At 
this point our observations on animals will assist us, and we should 
certainly look for the occurrence of greatest addition during the 
earlier part of the growing period. 

Let us assume, then, that we have obtained results which show 
us the normal development of this portion of the nervous system 
between birth and maturity. These observations could be used as 
a standard. Once possessed of such a standard, we are prepared to 
determine variations in the nature of excesses or deficiencies, and 
in this instance the question of deficiencies is the one most easy to 
handle. 

The studies of Dr. Hatai 1 on the partial starvation of white rats 
during the growing period show that very definite changes can be 
brought about in the nervous system when these animals are de¬ 
prived of proteid food for several weeks. As a result of such treat¬ 
ment, the total weight of the nervous system is reduced much 
below that of the normal rat. Such a result, however, leaves two 
points still undetermined: (1) the general nature of the changes 
bringing about a diminution in weight, and (2) the parts o t e 
system in which changes occur. In testing our animal material by 
quantitative methods, we should in the first instance direct attention 
to a possible decrease or arrest of growth in the afferent system of 
• Hatai, American Journal of Physiology, 1904. 
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sensory nerves, and seek to determine whether the unfavorable 
conditions have not retarded the growth-process in this division of 
the nervous system. If the results of such observations are positive, 
we may expect to find a corresponding modification in man, when 
the human body during the period of growth is subjected to unfa¬ 
vorable conditions of a similar nature. As a matter of fact, such 
unfavorable conditions do exist in the crowded quarters of our 
larger cities, and it seems highly probable that we have there in 
progress examples of partial starvation quite comparable with the 
experiments conducted in the laboratory. Under these circum¬ 
stances, it is important to discover in the case of our animals how 
far a subsequent return to normal food conditions will modify the 
anatomy of a nervous system which has been subjected to proteid 
starvation for some weeks. At present there are no observations 
which indicate whether or no recover}' in the nervous system will 
take place, and it will probably require some time to reach a definite 
conclusion. The work necessary for a determination of the ana¬ 
tomical changes exhibited by the animals alone constitutes by no 
means a light task, since in order to obtain reliable results and to 
eliminate the factor of individual variation a series of individuals 
must be examined, and it requires a very definitely sustained interest 
to carry through the long line of enumerations necessary for such 
an investigation. The examination of the growth of the nervous 
system in animals subjected to definitely unfavorable conditions 
is, however, only one part of the work. 

It will be necessary to contrast the changes there found with the 
effects of special feeding, care, and exercise in other groups, in order 
to see how far above the ordinary form the nervous system can be 
anatomically improved by any such treatment; and experiments 
in this direction are already being conducted by Dr. Slonakcr. Of 
course, the results which have been obtained and may be obtained 
on the animals studied in this way should not be directly applied 
to the case of man. because it seems quite evident that the higher 
organization of man is responsible for his ability to resist to a re¬ 
markable degree the disturbing effects of an unfavorable environ¬ 
ment. The impression is abroad that the reverse is the case, and 
that it is man who is more responsive to unfavorable surround¬ 
ings. I believe, however, that this current view will prove to be 
incorrect, for the lower mammals at least, and that when we place 
su«-h animals where the conditions for them are abnormal, their 
limited powers of adaptability lead them to be more seriously 
: bet-led than are animals which are more complexly organized, 
l! 'itch is the case, variations of the same amount should not be 
expected *o appear in man. but there is even- reason to assume that 
t he variations which do appear will l>e of the same general character, 
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and that we might look for them in the human nervous system 
where we find them in that of the rat. When it is possible to see 
how the anatomy of the nervous system may be altered during 
the post-natal growth-period, we shall be prepared to take up the 
problem of how it may be improved during embryonic and fetal 
life, and how the actual number of potential neurones is deter¬ 
mined and their relative distribution controlled, and this should lead 
ultimately to the attempt to breed animals with improved nervous 
systems in which we shall know the nature of the improvement in 
considerable detail. 

It may be urged that putting the problems in this way indicates 
a greater interest in the application to physiology of the anatom¬ 
ical results than in the results themselves. But I take it that 
the interest of a machinist in building a machine is to make the 
parts for one that will go, and that no less honor is due him for 
his painstaking care in determining the construction of the dif¬ 
ferent parts and their right relations, because at the end of the 
operation he has devised something capable of doing work. Simi¬ 
larly it is possible that a man’s interest from day to day shall be 
absorbed in the technique of anatomical science, and yet, it is 
nevertheless distinctly advantageous, if his anatomical observations 
bear on the performances of the living animal, and a final result 
is obtained which is the synthesis of research in two associated 
fields. 

In drawing up the preceding outline, no one is more aware than 
the writer of the fact that problems connected with the nervous 
system have alone been considered. Without doubt those more 
interested in the other systems of the human body could duplicate 
for these the problems which have been suggested in connection 
with the nervous system, so that the account given above may 
be taken simply as an illustration of the sort of thing that seems 
worth doing. In presenting these illustrations it has been my pur¬ 
pose to indicate a standpoint from which the anatomical problems 
can be profitably regarded, and to draw attention to the use of 
quantitative methods in the study of anatomy, and especially as 
applied to the body during the period of active growth. 

Yet perhaps the largest of our problems, and certainly one which 
appeals to all of us, is the ways and means for the solid advance¬ 
ment of our science. Alongside of the question of how we shall 
hand down to successive generations of students the facts already 
established, lies the still more fundamental problem of the best 
method of building-up the body of anatomical knowledge. 

It is not my purpose to advocate as a means to this end the sharp 
separation of teaching from investigation. It is a rare man who 
can stand the strain of such a division, whether he chooses one or 
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the other, and there is, moreover, much to be said for such an arrange¬ 
ment as will bring the average student into a laboratory where he 
can himself see how research work is conducted. Yet it would be 
possible to name institutions in which the relative amount of time 
required for teaching as compared with that left free for investiga¬ 
tion might with advantage be readjusted, and almost all of our 
educational institutions at the same time admittedly lack the funds 
and often the educational purpose, which would justify them in 
attempting to meet the various difficulties connected with ana¬ 
tomical investigations on a large scale. Yet no one questions the 
importance of striving for a more rapid advance. A response to 
this feeling finds its expression in the several research funds which 
are now available in this country and abroad for the endowment 
of investigation, and in the plan presented to the International 
Association of Academies, and, it should be added, largely due to 
the initiative of Professor Waldeyer, for the establishment in vari¬ 
ous countries of special institutes for the furtherance of research in 
embryology and neurology. 

These two subjects were first selected owing to the peculiar dif¬ 
ficulties of obtaining the needed material, and the great labor 
necessary to prepare the complete series of sections which are 
required in many cases. These conditions make it imperative that, 
if we would avoid large loss of labor and much vexation of spirit, 
the work in these lines should be coordinated, standards adopted, 
and the material of the laboratory, like the books of a library or 
the specimens in a museum, be available for the use of other in¬ 
vestigators. Nothing, I believe, is further from the minds of those 
engaged in this plan than an attempt to produce anatomical re¬ 
sults on a manufacturing scale. But the questions calling for solu¬ 
tion in the fields here designated arc so numerous that such an 
arrangement will merely mean a subdivision of labor in which each 
institute will take one of the larger problems and direct its main 
energies to the study of this, so conducting the work that it shall 
be correlated with that in progress elsewhere. The director of such 
an institute will l>e justified in extending his work through assist¬ 
ants just as far as he can carry the details of the different re¬ 
searches in progress, and thus knit them into one piece for the 
education of himself and his colleagues. When we pass beyond 
this limit, admittedly subject to wide individual variation, there 
is little to be gained, but the evils of excessive production, should 
they :ui<o. carry within themselves the means of their own correc¬ 
tion. 


1 his stop, which is assuredly about to be taken, should enable 
us in the future to do things in anatomy not heretofore possible, 
and when, some years hence, there is another gathering of scientific 
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men, with an aim and purpose similar to that of the present one, 
it is easy to predict that we shall be able to listen to a report on 
the important advances in anatomy arising from coordinated and 
cooperative work. 
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Chairman: Dr. S. J. Metzer, New York. „ . 

Speakers: Professor Max Verworn, University of Gottingen. 

Professor William H. Howell, Johns Hopkins University. 
Secretary: Dr. Reid Hunt, Washington. 


The Chairman of the Section of Physiology was Dr. S. J. Met¬ 
zer, of the Rockefeller Institute, New York City, who took for his 
introductory topic : 

THE DOMAIN OF PHYSIOLOGY AND ITS RELATION 

TO MEDICINE 

Physiology is of medical parentage, was reared by medical men, 
and is still housed and fed by medical faculties. Yet it is medicine 
against which its frequent declaration of independence is directed. 
Medicine is a practical science, and is too inexact , and physiology 
wishes to be a pure, exact science. It, therefore, tries to keep aloof from 
medicine, and manifests a longing for association with. or. still better, 
for a reduction to, physics and chemistry. It urges, furthermore, 
that the affiliation with medicine binds physiology down to only one 
species of animal with intricate, complicated conditions, while it would 
be more beneficial to physiology if it would direct its energies toward 
a study of monocellular organisms where the conditions arc so simple. 

Permit me to discuss briefly the domain of physiology and the im¬ 
portance of its relations to medicine as they present themselves to 
my mind. There can lie no doubt whatsoever that physiology has a 
perfectly legitimate object entirely of its own. Perhaps I may elucidate 
this statement in the following crude way. All natural phenomena 
impress us in two ways,—as matter and as force. The phenomena are 
either inanimate or animate. The studies of inanimate matter are to 
be found in mineralogy, crystallography in a part of chemistry, etc. 
The studies of the forces or energies of inanimate phenomena aie 
carried on by physics and physical chemistry. In the fields of living 
phenomena, matter is studied by gross and minute anatomy and by 
descriptive zoology and botany, or. in short, bv morphologyy. Tie 
studies of the forces, the energies, or the functions of living matter 
are the proper domain of physiology. Now this definition permits 
a few deductions. All these four divisions are bound, as sciences, to 
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have something in common in their methods of investigation; they 
must employ the inductive method, and must strive to reach in their 
results that degree of certainty which the nature of each individual 
science permits it to attain. But the four divisions differ greatly from 
one another; each one has its own subjects and laws and its own 
problems, which have to be solved by methods peculiarly adapted 
for each division. It is certainly clear to every one that it cannot be 
the essential task of animal morphology to reduce itself to mineralogy 
because it can be demonstrated that some anatomical objects con¬ 
tain lime and other mineral substances. It seems to me it ought to be 
also clear to every one that it cannot be the sole task, and not even 
the essential task, of physiology to reduce itself to physics and chem¬ 
istry because some or many of the living phenomena are governed 
to some extent by known laws of physics and chemistry. Physiology 
has to study the functional side of life, and in the attempts to eluci¬ 
date its complex phenomena it certainly has to employ also the known 
facts of physics and chemistry. But if we would confine the domain 
of physiology to such parts only which can be interpreted by the laws 
of physics and chemistry of to-day, we should have to give up nine 
hundred and ninety-nine out of a thousand of the phenomena of life 
as still inappropriate for physiological study. The four divisions of 
the natural sciences are closely interwoven, and each one can, of course, 
profit by the experience of the others. Boyle, Mayow, Priestley, 
Lavoisier, and others attempted to unravel the nature of oxygen, 
nitrogen, and carbon dioxide gas by the aid of experimental studies of 
the physiology of respiration. The physicist or the chemist employs 
any method which would help him to shed light upon his subject, but 
physics and chemistry have methods peculiar to themselves, and that 
is the secret of their great success. And so it should be with physi¬ 
ology. However, when physiology broke away from medicine, it ran 
into the arms of physics and chemistry, and is still largely there. The 
early successes which have attended the new venture, which, by the 
way, is the case with ever}' new venture, led to the conception that 
this is the most desirable, the most natural union. An analysis, how¬ 
ever, of the work in animal physiology in the last few decades will 
show the fact that the too great gravitation towards physics and 
chemistry prevented the development in many directions of a purely 
physiological character. 

I contend that physiology is an independent science with a clear 
outline of its domain, but it ought to direct its declaration of inde¬ 
pendence not only towards medicine, but also towards such exact 
sciences as physics and chemistry. 

As to the standard of precision and exactness to be required of 
physiology, let me say this. Certainly no physiological problem can 
be solved with that exactness, with that absolute reliability which is 
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now the standard for a good many problems in physics and chemistry. 
Above all, in the studies of the energies of life we lack the controlling 
factor of synthesis. If we can produce synthetically urea or sugars or 
other dead constituents of a dead or living body, we cannot yet make 
synthetically the smallest living organ of the smallest homunculus. 
But what of it? Each science has its own degree of attainable exact¬ 
ness. Physics and chemistry have one standard, and paleontology or 
geology is bound to have another standard of exactness. There is no 
one standard of exactness for all sciences. The scientific demand upon 
work in any science is to strive for that degree of exactness which is 
attainable in each specific field of investigation. 

I contend, further, that physiology ought not and cannot be pro¬ 
perly developed upon the basis of a morphological unit. We might just 
as well attempt to put up the mineral crystals as a basis for the study 
of physics. 

I may say, further, that in my opinion the knowledge of vital ener¬ 
gies would progress more rapidly if we were guided in our investiga¬ 
tions by the view that the actual processes in the phenomena of life 
are of a very complex nature. The desire to reduce the mult iplicity of 
phenomena to a few simple principles is a philosophical importation of 
a psychological origin. Certainly premature attempts to offer simple 
interpretations for complex phenomena have often been an obstacle 
for a further development of our knowledge of the actual processes. 

Physiology, however, may take some useful hints from the other 
sciences. It may learn from such exact sciences as physics and chem¬ 
istry that the exactness and dignity of a science do not suffer by com¬ 
ing into intimate contact with the necessities of daily life. On the 
contrary, we find that those chapters of physics and chemistry whose 
results found practical application are best developed. The contact 
of a science with life and its actual necessities works, on the one hand, 
as a stimulus to investigation, and, on the other hand, as a corrective 
against an indulgence in mere hobbies. The experimental method 
as such is no talisman against such scholastic degeneration. A study 
of the literature of the last few decades will show that physiology, 
too, could well stand such a corrective. 

Physiology could also learn from morphology that a special atten¬ 
tion to the human being does not necessarily lead to a neglect of the 
uniform study of the entire animal kingdom. The marvelous com¬ 
plete studies of gross and minute human anatomy, which was of such 
immense service to pathology and surgery, was in no way an obstacle 
to the brilliant development of the broad science of zoology. 

There is, however, one difference between the studies of the energies 
of inanimate phenomena and the studies of the vital energies, to which 
I would like to call special attention. For physics there is only one 
kind of energies; they are all normal. If the physicist meets with 
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conditions which apparently do not agree with some established law, 
he does not transfer these conditions to a pathologist in physics for 
further investigation. On the contrary, he is only too glad to have 
such an opportunity; it usually leads to an elucidation of the old law, 
or, still better, an entirely new law might be discovered. When Kirch- 
hoff was surprised by the apparently contradictory fact that by the 
addition of the yellow light of sodium to the sunlight the dark D- 
lines in the spectrum, instead of becoming lighter, became still darker, 
he did not turn away from the problem. On the contrary, he was glad 
of this opportunity; in fact, as he stated once, he was longing to meet 
such a complete contradiction. The result was the establishment of 
the law of the proportion between emission and absorption of light 
and the creation of the nearly new science of spectral analysis. Or, to 
quote a more recent instance, the exceptions to van't Hoff’s law of 
osmosis which were met with in salt solutions and which had been 
displayed by some as a proof against the validity of that law, served 
Arrhenius as a basis for the establishment of the far-reaching law of 
electrolytic dissociation. It is totally different, however, with physi¬ 
ology. Its domain is, as we saw above, the study of the functional 
side of living phenomena. Here, however, we find the artificial and 
unsound distinction between normal and abnormal functional phe¬ 
nomena. Physiology set up some laws; and if conditions appear 
which do not fit in with these laws, physiology declines to deal with 
them; it refers you to medicine. Are the laws governing the vital 
functions under pathological conditions actually different from those 
controlling the functions in health? Certainly not. The laws which 
physiology establishes must be capable of covering the functional 
phenomena in all conditions of life. The apparent exceptions in dis¬ 
ease should serve in physiology, as in physics, to unravel the real 
nature of the laws governing the functions of living phenomena, 
whether they occur in health or in sickness. For instance, the pro¬ 
cesses occurring while the body is in a state of fever should give a clue 
to the understanding of the mechanism of the constancy of the ele¬ 
vated temperature of warm-blooded animals. Or the conditions pre¬ 
vailing when urine contains albumin should be seized as a means of 
studying the remarkable phenomenon in the normal urinary secretion, 
namely, that of all the endothelial cells of the body the kidney endo- 
thelia alone do not permit normally the passage of albumin. Or the 
conditions of the blood and the lung tissues in pneumonia could serve 
as an aid in studying the factors concerned in the formation of fibrin. 
And so on and so on in many thousand instances of daily occurrence. 
Some very important discoveries in physiology were thus recently 
brought to light through medical experience and by medical men, 
with hardly any aid from physiology. The anatomy of the cases of 
myxcedema and cretinism and the results of the complete removal of 
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the thyroid gland for goitre revealed the physiological importance of 
that ductless gland for which physiologists, with one single exception, 
had no interest. This discovery helped at the same time to establish 
and to introduce into physiology the far-reaching conception of in¬ 
ternal secretion. Furthermore, the observation of Bouchard, Lancer- 
eaux, and other medical men of the occurrence of a degeneration of 
the pancreas in cases of diabetes mellitus, led to the discovery, by 
two medical men, of the remarkable fact that the complete removal 
of the pancreas in dogs leads to diabetes. This discovery demonstrated 
at the same time the further principle that even glands with a distinct 
external secretion have besides a physiological importance for the 
body by virtue of their internal secretion. In the long list of workers 
on this subject we hardly find a single physiologist. 

I could quote a good many more instances in which medical studies 
brought out important physiological facts and how physiology is 
slow to avail itself of such golden opportunities. 

The physicists arc only too glad to meet with exceptions; the 
physiologists run away from them. Is there any well-founded justifi¬ 
cation for such a course in physiology? I believe none. I believe it 
is simply an erroneous position. It would lead me too far to attempt 
here a discussion of the causes which led to this position in physiology. 
But I say without hesitation that this position is deplorable, is harmful 
to physiology as well as to medicine. Animal experimentation is the 
essential method of developing physiology. Now, then, nature makes 
daily thousands of experiments upon man and beast, and physiology 
refuses to utilize them for its own elucidation. I feel quite sure that a 
study of the functional processes in pathology, or at least the system¬ 
atical taking up of physiological problems indicated by pathological 
processes, by minds naturally endowed and properly trained for 
'physiological studies, would greatly elucidate the proper sphere of 
physiology itself, and would at the same time be of incalculable 
value to pathology and medicine. 

And medicine is greatly in need of such a physiology. I am afraid 
that the actual situation in medicine is not fully grasped, even by a 
great many of its enlightened disciples. To state the critical point in a 
few words: The actual disturbance in most of the diseases is primarily 
of a functional nature, but the essential part of the present know¬ 
ledge in medicine is morphological in its character! This discrepancy 
is due to the uneven development of the sciences of medicine. When 
the empirical art of medicine awoke to the necessity of acquiring a 
scientific basis, it found ready for its disposal an already well-defined, 
precise anatomy, but only a vague, incoherent physiology. It set out 
and continued to work in the precise lines of anatomy, in which it 
attained a marvelous completeness. By this step, however, mor¬ 
phology became the dominant factor in medicine, and the definition 
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of a disease became inseparably coupled with that which was found 
in the body after it succumbed to the disease. When, at a later period, 
physiology also became a precise science, it broke away at the very 
onset of its regeneration from medicine; it wished to be exact, to be 
a pure science, and thus gained no influence upon pathology, which 
it refused to study. So it came about that medicine is made up 
of a complete knowledge of the anatomical conditions after death, of 
nearly a complete morphology of the symptoms of the disease during 
life, but of only a vague, makeshift mechanical interpretation of the 
functional disturbances during the actual course of the disease. The 
last decades have seen the birth and marvelous growth of the know¬ 
ledge of the etiology of disease. Animal and vegetable invaders were 
recognized as the essential cause of many diseases. But the study of 
the functions of the body whose lot it is to grapple with the invaders 
received only a secondary attention, and that again essentially from 
morphological quarters. At the present time still more knowledge 
is being diligently added to the stores of medical wisdom. Chemistry 
has taken a powerful hand in the studies of physiology and pathology, 
and is attaining brilliant results. But we should not be misled. The 
studies are essentially morphological in their nature. It is physiolog¬ 
ical and pathological chemistry, and but very little chemical physio¬ 
logy and pathology. Even if the hopes of the new school of brilliant 
chemical investigators will, indeed, be realized, viz., that in a not far- 
off future they will know the structure of proteids and all their con¬ 
stituent bodies, it will be the knowledge of the proteids of the dead 
bodies, it will be a brilliant post-mortem chemistry. Living animal 
matter, however, is something else than dead proteids, as living 
plants are something else than carbohydrates, although the know¬ 
ledge of the latter has already reached the ideal stage where some of 
them can be produced synthetically. No, a study of life, normal and 
abnormal, is essentially a study of energy, of function; of course, the 
knowledge of the underlying morphology, dead or living, is a pre¬ 
requisite for such studies. And let me state right here that there seems 
to be a difference in the make-up of the human mind with regard to the 
different studies. Some are more apt and better endowed to grapple 
with the problems of energy, and others, again, have natural talents 
for the science of morphology. Only a few, however, have the good 
fortune of becoming educated in the lines of their natural endow¬ 
ments, and still fewer have the genius to work out their natural des¬ 
tinies against all odds, against all education and training. Now the 
men who did and who now do the original work in the medical sciences 
received their training in the studies of medicine, four fifths of which 
is pir/; ;ndly developed, magnificent morphology. We cannot won¬ 
der, th. K*fore, that most of the original contributions to the medical 
sciences are essentially of a morphological character. Even in the very 
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recent brilliant additional departments of medicine, in bacteriology 
and chemistry, the research work is, as already stated above, for the 
most part of a morphological stamp. It is true that a few men of 
genius in medicine, Cohnheim, for instance, broke their acquired 
chains and made an attempt to study pathology from a functional 
point of view. Such attempts, however, were not many, and their 
permanent influence is not extensive. What is now termed general 
pathology or even pathological physiology consists, in the first place, 
of a collection of histological, bacteriological, and chemical facts of 
a general but essentially of a morphological nature, including at the 
same time the applications of a few well-established physiological 
facts to pathology and a few results from direct experimentation in 
pathology. That is not a study of physiology under pathological con¬ 
ditions, and certainly not a study of general physiological laws which 
can be stimulated by and derived from a study of pathological pro¬ 
cesses. And it is just this kind of study which is missing, and which 
could be developed only by a purposeful and concerted action of the 
men who have a training in the study of the functional side of life, 
among whom there are surely many who have a natural endowment 
for such studies. 

The following review of the present situation in medicine will show 
us the place left vacant by physiology, and the disastrous consequences. 
The studies of pathological anatomy extend over all divisions of 
medicine, are lucid and nearly complete. Diseases which are exclu¬ 
sively due to palpable anatomical changes are quite well understood. 
Their harmful effects are, for the most part, of a mechanical nature. 
In proportion as they are understood, these forms of disease become 
amenable to an efficient treatment; it is mechanical, it is surgery. 

The studies of the etiology of diseases revealed and continue to 
reveal many of the foreign originators of disease, the animal and 
vegetable invaders of the living organism. This new and lucid know¬ 
ledge led again to some effective measures in the treatment of dis¬ 
eases, it led to clear plans in preventive medicine, it gave means to 
the surgeon to enter with impunity into the interior of living organisms, 
and in a few instances it discovered actual remedies for non-surgical 
diseases. 

But most diseases are something more than mechanical disturb¬ 
ances, or exclusively anatomical changes. There is. in the first place, 
that large group of so-called functional diseases which has no patho¬ 
logical anatomy, and for which clinicians have very little interest. But 
even those numerous diseases in which the post-mortem examination 
revealed distinct anatomical changes were only results of the advanced 
stage of the disease. The disease during life consisted primarily 
surely in disturbances of a functional character, in reactions to foreign 
causes, reactions of living energies, the physiology of which we have 
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possibly as yet not even an inkling of. The so-called organ physiology, 
which appears to the teachers of physiology to be so extensive that 
it can hardly be taught to students of medicine in one year’s lectures, 
is of astonishingly modest assistance to the understanding of the 
actual processes of disease. For instance, in the present knowledge 
of the entire section of the diseases of the respiratory tract, physiology 
has hardly any share. The knowledge of the few physiological prin¬ 
ciples which are applied there can be acquired in one hour’s instruc¬ 
tion. The extensive knowledge in this chapter of pathology is essen¬ 
tially of a morphological nature. Do the functions of the involved 
organs take no part in these pathological processes? Most certainly 
they do; but we know too little of it, and the clinician passes over 
the gap with some makeshift mechanical explanations. The same is true 
in neurology; in fact, in nearly every chapter of internal medicine. It 
is impossible to dwell here on the particulars of our subject. What is 
the result? First-class clinicians employ their brilliant faculties in 
continually developing the morphology of diseases and their diagno¬ 
sis. But treatment? There is either a nihilism pure and simple, or 
some sort of a symptomatic treatment is carried on with old or new 
drugs upon a purely empirical basis. Or there is a great deal of loose 
writing upon diet, air, water, psychotherapy, and the like, and a great 
deal of semi-popular discussion in international, national, and local 
meetings and popular prize essays on the best methods of treatment, 
— with a net result of only a very modest actual benefit for the poor 
patient, who, in addition to his affliction, has now to feel the tight grip 
of the modern health officer. There is no efficient treatment of 
internal diseases in any way comparable with the specific surgical 
treatment of mechanical diseases, no specific quelling, correcting, or 
curbing of primarily functional disorders. And there never will be 
such a specific functional therapy before there is a physiology which, 
like physics, will be only too glad to meet with many exceptions in 
order to understand properly all the rules by which the energies of 
all grades of living phenomena are guided. 
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What is physiology? Ask any educated person, who does not 
belong to the narrow circle of naturalists and physicians, concern¬ 
ing physics and chemistry, concerning botany and zoology, con¬ 
cerning anatomy and pathology, even concerning psychology, and 
you will receive an intelligent answer. Ask him, however, con¬ 
cerning physiology, and he is generally unable to give any inform¬ 
ation. It is the peculiar fate of physiology that it is the least 
known of all the great branches of natural science, even among 
the educated classes. 

I have often asked myself why this should be. Why do the 
educated classes lack a clear conception of physiology? We may 
here think of several reasons. To me, however, it appears that 
one cause is of especial importance, that is, the one-sided limitation 
of physiology to its own special problems. 

For a long time the great general questions have been neglected 
by physiology, the questions which interest the masses. Hardly 
another branch of biology requires specialism as much as physi¬ 
ology, which, in each of its different branches, requires such various 
and manifold preparatory education that the individual investi¬ 
gator must generally limit his work to a single branch in order 
to make any advance in the short span of his life. This is why 
the work of physiologists is not understood among the masses. 
Its connection with the great problems is generally not clear to 
them. 

This one-sided immersion in special problems has even led to 
an isolation of physiology among those sciences which originally 
stood nearest to it. Physiology was, at one time, closely amalga¬ 
mated with anatomy and pathology, with zoology and botany, 
with physics and philosophy. Even since the scientific renaissance 
of the sixteenth century, physiology stood in the closest connec¬ 
tion with all these branches until far into the nineteenth. For a 
century, however, this connection has become looser and looser, 
and toward the end of the preceding century physiology was al- 
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ready almost entirely isolated. Indeed the isolating differen¬ 
tiation began its destructive work, even in its own special realm. 
This was the time when, in Germany, Hoppe-Seyler’s efforts were 
directed toward the separation of physiologic chemistry as a sepa¬ 
rate science. If he had succeeded, the individual branches of 
physiology itself would have lost sympathy with one another. This 
danger now appears to be past, although now and then a voice is 
still heard in favor of the separation of physiologic chemistry. 
But even without this, the whole development of physiology is 
a classic example of the constantly increasing tendency of the pre¬ 
sent day toward differentiation of special branches. 

At a time when the expansion of separate branches has reached 
as extreme a degree as at present, at a time when the immersion 
in certain special questions threatens to result in a complete loss 
of relationship, and, in fact, has already partly succeeded, at such 
a time the need of compilation makes itself more and more felt. 
This has already been recognized in this country, in which the 
restricting fetters of tradition and historic development do not 
weigh so heavily as in the Old World. Compilation was, therefore, 
the word which has brought us together to-day. As concerns my 
own branch, I must greet this tendency with especial joy. Per¬ 
haps the spirit of union, which is felt here to-day, will succeed in 
reviving the natural relations which unite physiology with so many 
other sciences, to the mutual advantage of all branches and to 
the furthering of human knowledge. 

If I attempt in the following to sketch briefly the manifold 
relations of physiology, I will turn my attention above all to those 
relationships from which we may expect in the future especial 
advantages for the further development of our knowledge. 

The natural relationships between physiology and other sciences 
follow of necessity from the aim which the former follows. Physi¬ 
ology is the science of life. In this conception there is universal 
agreement. We may clothe this naked definition in different gar¬ 
ments, but its germ remains always the same. The general aim of 
all physiologic investigation is the analysis of the phenomena of 
life. We may ask, however, what principle should physiologic 
investigation follow in this analysis; but in regard to this there 
has not always been universal agreement. Different periods and 
different investigators have given different opinions. We have 
varied often between purely mechanical and more mystical prin¬ 
ciples. First one. then the other, has ruled alone. At times the 
adherents of the first, at times those of the second have increased. 
After a long period, full of valuable results, in which the purely 
mechanic consideration of life-phenomena ruled, the pendulum has 
swung again, in the last dccennium of the past century, toward 
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the side of mysticism. Certain investigators have felt that it was 
necessary to consider in scientific questions the tendency of the 
times, which in art and literature was toward mysticism. An 
attempt has even been made to revive the old doctrine of “life- 
power.” This movement has ended in speculation and fantasy 
in the problem of development, which is not yet ready for experi¬ 
mental investigation. Among physiologists, whose daily expe¬ 
rience brings immediately before their eyes the truthfulness of 
the mechanical conception, the mystical views have found no ad¬ 
herents. But especially in semi-scientific circles such words as 
“Vitalism” and “Neovitalism” have been considered the most 
modern in science and spread abroad with more energy than under¬ 
standing. In opposition, the standpoint of scientific physiology 
is, to-day, completely clear. 

In reality the matter is quite simple. The subject of investiga¬ 
tion of physiologic experiment is the living organism. As natural¬ 
ists, physiologists can only have the task of analyzing scientifically 
the phenomena of the living body. Only that which is percep¬ 
tible is, however, accessible to scientific analysis, and nothing but 
perceptible objects can ever be the subject of scientific investiga¬ 
tions. The general principles and laws of phenomena in the per¬ 
ceptible world are studied by physics and chemistry, and both 
have carried their knowledge to a high degree. The organism, as 
a perceptible object, must be subject to the general laws which 
rule the perceptible world, and, therefore, we cannot analyze the 
life-phenomena of organisms otherwise than according to the prin¬ 
ciples of physics and chemistry. Physiology is, in other words, the 
special physics and chemistry of organisms. As organisms are 
composed of the same elements which are found in the inorganic 
world, no other factors can apply than those which are seen in the 
inorganic world, and the special peculiarities of the organism can 
only be based upon the specific combination of physical and chem¬ 
ical phenomena, for physiologic analysis must finally go back to 
general principles, as only then is its task fulfilled. For mystic 
factors, not of a physical or chemical nature, there is no place in 
physiology; as they would not be comprehensible by human know¬ 
ledge if they were not perceptible or with perceptible effects, and 
therefore would always remain hypothetical. 

This standpoint has always given practical results. Everything 
which has ever been fixed by physiologic investigation has arisen 
from the practical application of this conception of physiology, 
as the physics and chemistry of the organism. “Life-power” has 
not made the slightest addition to the explanation of life-phenom¬ 
ena, in the entire development of physiology. 

From the conception of physiology as the special physics and 
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chemistry of the organism, arises of itself the extremely close connec¬ 
tion with these two general natural sciences. Physics and chem¬ 
istry ascertain the general laws which rule the perceptible world, 
and physiology analyzes the action of these laws in the special system 
of the organism, as geology studies the activity and force of gen¬ 
eral physical and chemical principles in the special system of the 
planets, or mineralogy in the special system of crystals and minerals. 

The organism is, therefore, for the physiologist, only a special 
case of a system, which he must analyze according to the general 
principles of physics and chemistry. Physiology, therefore, receives 
from physics and chemistry its general conception of the laws of 
phenomena in the physical world. The more deeply physics and 
chemistry penetrate into the knowledge of general laws, so much 
more deeply can the investigation of the phenomena of life proceed. 
Physiology is, in this relation, entirely dependent upon the develop¬ 
ment of physics and chemistry, and must follow their progress 
attentively. To-day this is especially important. The rapid devel¬ 
opment of the great mass of facts and theories, which have recently 
been united under the name of “physical chemistry,” appears to 
be destined to unite these previously independent sciences to a 
uniform scientific branch. A number of theories of a general nature 
have already been proposed which must have a marked influence 
on the investigation of the phenomena of life. The effect of this 
great progress in the realm of physical chemistry is already begin¬ 
ning to be felt in physiology. The recent conceptions regarding the 
nature of solutions, the theory of ions, the conception of osmosis 
and diffusion and of electrochemical processes, the knowledge of 
the laws of chemical equalization and the effect of mass, and many 
other new ideas, are already beginning to have as fruitful an influ¬ 
ence upon the investigation of the phenomena of life as a half- 
century ago the discovery of the laws of energy exercised. 

But the conception and symbols of physics and chemistry 
will be still further developed, and will be materially changed, in 
the course of time. We live to-day in a period in which the well- 
proved symbols of physics and chemistry, hoary with age, such as 
the conception of matter, of atoms, and of force, begin to waver. 
New symbols, new allegories, new conceptions will come in their 
Place. It would, therefore, be illogical to expect that physiology 
could solve all the phenomena of life without fail, by the present 
knowledge of physics and chemistry. It is still far away from this 
goal. Physics and chemistry cannot explain quite all of the simpler 
:mena of the lifeless natural world, with their present symbols, 
however the conceptions of physics and chemistry may change 
the course of time, one fact remains: no other principles can come 
Isy in the world of organisms than enter into that of lifel.ss 
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nature. Physiology can never be anything else than physics and 
chemistry, that is, the mechanics, of living beings. 

It does not appear to be superfluous to warn here against one of 
the consequences which may occur from a short-sighted exaggera¬ 
tion of this conception of physiology. The aim of all the so-called 
exact sciences is, admittedly, the demonstration of laws in mathe¬ 
matical form. We occasionally meet with the view that, in the 
exact natural sciences, nothing shall be the object of investigation 
which cannot be measured according to mass and number. This 
conception is destined to hinder the development of scientific 
knowledge, as the first step toward the explanation of many phe¬ 
nomena can, in most cases, only be made by qualitative and not 
quantitative investigations. A weighing and measuring, a numerical 
demonstration, is often only possible after a certain number of 
qualitative communications have been made, and physics and chem¬ 
istry have seldom arrived at great and accurate results without 
this pioneer work. In physiology the relationships are still more 
complex, as here we have to do with the most intricate system of 
processes which we know of in nature, and in large part the first 
work has yet to be done. Here, there is still less often the possibility 
of a determination according to mass and number, and, therefore, 
if we throw aside in hasty blindness the study of qualitative relation¬ 
ships, we cast away, ourselves, the place on which we must set our 
feet firmly before we can climb higher. Physiology must still leave 
a large place for qualitative investigation, although the ideal goal is 
mathematical demonstration of the processes in the living organism, 
from which we are still far removed. It would be extremely ridicu¬ 
lous to attempt to determine a definite method for physiologic 
investigation. All schemes will do harm. Every means, every 
method, must be welcomed, if we wish to make even a small step 
forward. Therefore, physiology is not merely limited to the methods 
of physics and chemistry, but will always seek after the peculiar 
methods which are required by its special problems, although the 
problem of physiological investigation is only the mechanical analy¬ 
sis of life. 

Man is for man the most interesting object of study. No wonder 
that the analysis of life was begun directly upon man, without con¬ 
sidering that he is the most complicated and most difficult of all 
objects. The beginnings of sciences are never systematic, as their 
methods, problems, and aims are only seen in the course of their 
development. Thus it was seen later that mechanical analysis of the 
phenomena of human life could only be reached by investigating 
and analyzing analogous phenomena in other living objects, in the 
simplest forms. Geniuses did this earlier, of course. Harvey, Leeu¬ 
wenhoek, Swammerdam, Malpighi, Redi, and others, are among the 
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first of the comparative physiologists, although Johannes Muller 
and his contemporaries were the first to emphasize the necessity of 
comparative anatomy and of comparative methods in physiology. 
Physiology of man requires a physiology of animals. 

Plant physiology developed itself independently as a necessity 
of botany, and this independence has remained almost complete, 
until very recent times. Each has made its way without much 
consideration of the other, but to-day they have many points of 
contact. Immersion in special problems, especially on the side of 
animal physiology, has, however, hindered general interest in its 
development. Only in recent times has the need of general physi¬ 
ological points of view succeeded in bringing the twb branches 
closer to one another. The late but strong development of a general 
physiology, which, in contrast to special physiology of man, of 
animals, or of plants, sees its task in the analysis of the phenomena 
of life common to all organisms, is here the uniting band which 
previously was completely lacking. 

The comparative method in physiology, as it flourished at the time 
of Johannes Muller, should have led sooner to the development of 
a general physiology, for it certainly pointed out the way toward it. 
But the great discoveries in the special branch of human physiology, 
which the second half of the preceding century brought forth, 
delivered the comparative method completely into oblivion, and 
the efforts in this direction were thus abruptly interrupted. At the 
same time were lost the relations of physiology to zoology, which 
before had been most intimate. Every one-sided development, 
however, experiences a modification, when it has reached a certain 
point, by a process which is to some extent automatic. The defect 
increases more and more, until finally, of itself, it impels this cor¬ 
rective process. This is what we see to-day. General physiology 
has suddenly begun to develop itself rapidly. 

A renewed study of morphology supplied the impulse. The great 
discoveries of Schleiden and Schwann gave morphology a different 
appearance and could not remain without influence upon physiology. 
The construction of organisms from structural elements similar 
throughout, forced the conclusion that the processes which occur in 
the individual structural elements are merely the external life-phe¬ 
nomena of the organism. Thus, every physiologic problem must 
finally end in a study of the cell, and the cells, as the general structural 
element of living substance, attain an especial interest for physiology. 
The cell is the seat of the actual life-processes, which shows us life 
in its simplest form and includes in itself all the secrets of living sub¬ 
stance. We must know what occurs in the cell, and study its general 
physiology. 

But the life-phenomena of the different forms of cell show them- 
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selves not less manifold than those of the great, many-celled or¬ 
ganisms. The general physiologic properties of cells must be re¬ 
cognized and be distinguished from the specific life-phenomena of 
separate cell-forms, and this is only possible by use of the compara¬ 
tive method. The different sorts of free living and tissue-building 
cell-forms, from the animal and plant kingdoms, became the objects 
of physiologic study, and a mass of general physiologic facts resulted 
from these investigations. The general physics and chemistry of the 
cell led us deeply into the knowledge of the general phenomena of 
life. 

But we are only at the beginning. The new discoveries of physical 
chemistry give, for the analysis of cellular life, new points of view 
and new methods. The phenomena of assimilation and dissimila¬ 
tion, the facts of chemical balance, the disturbances of this balance 
by external factors, the inner automatic renewing of assimilation, 
the general effects of irritants, and many other phenomena of general 
physiology, begin more and more to lift their veils. New expe¬ 
riences stream toward general physiology, from the most various 
sources, which must crystallize themselves around the different 
parts of the system, after a firm nucleus of phenomena and facts 
has been determined to connect them. Thus the realm of general 
physiology grows larger and larger, and begins to break down the 
isolation of physiology among the biologic sciences. Let us guard 
the new branch of general physiology from being overtaken by the 
old fate of physiology, one-sided development. This is only to be 
avoided if we constantly keep before our eyes its great aim, the 
mechanical analysis of the general phenomena of life. 

Before all, it is to be desired that general physiology may develop 
its own special problems as freely as possible, unhindered by atten¬ 
tion to special problems and methods. The analysis of the general 
phenomena of life can easily lead to one-sided methods and one¬ 
sided points of view. Even the cellular investigations of general 
physiologic problems can degenerate selfishly. Here we must be 
sure to take into consideration the most varying cell-forms, and we 
must not merely consider individual cells, isolated as such, but also 
the general relationships and connections which arise from the 
communistic life of cells and the mutual influence of life-processes 
in the cell community. The investigation of the dependence of 
cell-life upon the surrounding life-conditions and the effect of every 
change of life-condition upon the life of the cell itself is of the 
greatest importance for the explanation of the immoderately com¬ 
plicated processes in the complex organism. 

Also, in regard to methods, there must be no one-sidedness in 
general physiology. The great results of physical chemistry threaten 
general physiology with the danger of only working by that method. 
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That would be a mistake. We must not cast aside the old methods 
of chemical analysis and physical investigation. A science must not 
base its existence upon only one method, as a science only lives as 
a problem, and the problem of physiology requires the most manifold 
methods, according to the position of the question at the time. 
General physiology will only flourish as long as it retains the many- 
sidedness of its methods and its objects; but as long as it flourishes, 
so long will physiology retain its connection with the other biologic 
sciences, and at the same time form the connecting link between 
biology and mechanics. 

In another direction, also, general physiology seems to be destined 
to act effectively in reviving old natural relationships, namely, in 
the realm of medicine. Physiology is one of the daughters of 
medicine. At first its existence depended on the needs of practical 
medicine, until Galen, whom we may call the father of scientific 
physiology, recognized clearly that the complete development of 
medicine is not possible, if it is not based on the phenomena of nor¬ 
mal life. Physiology since his time has always retained more or less 
close relations to medicine, but has gradually developed itself to an 
independent science with its own aims. To-day we see the plainest 
expression of this historic relationship between physiology and 
medicine, in the fact that in most countries physiology in the uni¬ 
versities belongs to the medical faculties. 

The relationship between physiology and medicine has become 
now closer, now looser. In the last decennium of the past century 
it has become somewhat looser, but physiology has always retained 
its place in medical instruction. We find, even in old tradition, the 
view generally expressed that physiology is one of the bases of 
medical learning, but a view is now found among many that physi¬ 
ology is to a certain degree a luxury, a decorative element of med¬ 
ical science. If we examine the average well-educated practicing 
physician to determine what in reality is of use to him in his know¬ 
ledge of physiologic phenomena, we find very little. A few indis¬ 
tinct impressions concerning the principal functions of the organs, 
and a few superficial chemical data which he has himself adapted 
“so as to make them of use in practice.” That is all. Of the actual 
processes in the organs, tissues, and cells of the body, of the ex¬ 
tremely close and important correlations of different parts which 
lie at the basis of the preservation of the entire mechanism, he 
has no idea. In order to reach this result a two or three semes- 
f <rs’ study of physiology is not required. Actually physiology, 
apart perhaps from the branch of metabolism, has been overtaken 
by a certain isolation among the branches of medicine. Why is 
this? 

Again we see the same cause. For a long time special subjects 
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have stood in the foreground of physiologic interest, which have 
little or nothing to do with practical medicine. What an immense 
extent the investigation of the production of electricity in muscles 
and nerves has reached, in the physiological laboratories and lec¬ 
tures, and what could and can practical medicine do with these 
things? What an exaggeration Ludwig’s discovery of the graphic 
method for the representation of motions has called forth in the 
physiologic instruction of the physician? We have even heard the 
opinion expressed that only that which could be demonstrated 
graphically should be taught in physiology. Yes, many physi¬ 
cians believe that they must go to practice with a Marey’s sphyg- 
mograph in their pocket. And of what use have all these sphyg- 
mograms and respiration curves been in modern practice? They 
have disappeared. The graphic pocket apparatus lies among the 
old rubbish. Practical medicine has cast aside the false exactness 
which was imposed upon it. Instead of these, it has itself created 
general physiologic conceptions. Our entire knowledge of the 
physiologic protection of the normal body against infection, our 
whole experience with regard to artificial and natural immunity, 
which plays so dominant a r6Ie in modern medicine, did not arise 
from physiologists. The enormous development of this whole 
branch of medicine shows plainly the need of medicine for physi¬ 
ology, and especially for basic and general physiologic concep- 
. tions. 

It appears to me that general physiology may have a very stim¬ 
ulating effect upon the further development of our medical opin¬ 
ions. There is one branch of medicine with which physiology has 
the very closest relationship; that is, the teaching of stimuli and 
their effects. 

It is really a very paradoxical phenomenon, that physiology 
has worked for centuries with various methods of stimulation in 
their largest as well as in their smallest relationships, without 
ever investigating systematically the general laws of the effects of 
stimuli, without even attempting a sharp and general definition 
of the meaning of stimulus. Only the more recent development 
of physiology has brought about a closer approach to this ques¬ 
tion, and has already extended the truth to a certain degree, 
although many important points still wait explanation. The study 
of the effects of stimuli, in a large number of the most different 
independent and tissue-forming cells, has here permitted a fairly 
definite determination of laws, and. above all, has permitted the 
sharp fixation of the general conception of stimulus. To-day we 
can define this, in its most general sense, as a change in the ex¬ 
ternal influences which affect the existing condition of a living 
system. Thus, the effects of stimuli find their expression in a quan- 
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titative or qualitative change of the existing processes of life. The 
latter group of effects is less extended in the normal life of the 
adult organism, and until now has been least studied. It appears, 
however, as far as w*e can determine from an extensive analysis, 
only as a secondary result of primary stimulation of the first group. 
The great mass of stimuli in the course of the life of the normal 
organism only cause quantitative changes of phenomena already 
existing in the living system, i. e., either an increase of the same 
(excitement), or a decrease (paralysis). 

The analysis of the effects of stimulation has now gone much 
further. I must, however, limit myself to-day to the most gen¬ 
eral indications. I will only be able to show how extraordinarily 
important this analysis is for the basic question of medicine,—what 
is disease? Disease is nothing else than life under changed ex¬ 
ternal relationships, t. e., life under the influence of stimuli. Thus, 
pathology comes finally to be a study of the effect of stimuli, and 
it needs no argument to show that the physician cannot pene¬ 
trate too deeply into the knowledge of the effects of stimulation 
and the laws governing them. Above all, medical diagnosis, which 
by many physicians is considered the most important part of medi¬ 
cine, requires a comprehensive knowledge of the laws of stimuli. 
The physician must ask himself at the sick bed, what part of the 
organism is primarily affected by a stimulus? Does the effect con¬ 
sist in a quantitative change, an excitement or paralysis, or in a . 
qualitative change of the normal life-processes? How may this 
change of the affected part act upon neighboring or distant parts 
of the body, as a result of the correlation of all the elements in 
the body, and how will the entire vital mechanism of the organism 
be disturbed? Those are the fundamental questions which every 
physician must lay before himself in a given case, if he wishes to 
have a fitting conception of the disease. Only then can he use his 
therapeutic means effectually. But it is not necessary for me to 
emphasize that this analysis must proceed as far as the cells them¬ 
selves. A greater than I, almost a century ago, demonstrated so 
convincingly this requirement of pathology, that our entire present 
day medicine rests upon the basis of cellular pathology. Since 
the epoch-making work of Rudolph Virchow, cellular pathologic 
investigation has developed almost exclusively toward the side 
of morphology, not toward that of physiology. A picture of a mi¬ 
croscopic preparation of the diseased part, beautifully colored, 
with red or blue nuclei, etc., floats before the eyes of the well-edu¬ 
cated physician, at the sick-bed. It does not occur to him, how- 
'ver, that the cells which he sees in imagination are alive, and 
o ov^ooks completely the chemistry of healthy and diseased 
- bis is the place where general cellular physiology must 
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come in, and here general physiology must come into the closest 
relation with medical diagnosis, if further progress and deeper 
knowledge are desired. 

But therapeutics can, as little, do without an accurate know¬ 
ledge of the effects of stimuli. The fundamental peculiarity of 
living substance, automatic regulation, is of the first importance 
for therapy, as Ewald Hering first showed clearly. If any stimulus 
has disturbed the balance of normal metabolism or kinetics, it 
restores itself immediately after the cessation of the stimulus, 
unless the latter has exceeded certain limits, in which case death 
results. The therapeutic test of the physician consists to a great 
degree in preventing the harmful effects of stimuli, for the organ¬ 
ism cures itself. “Medicus curat, natura sanat.” Naturally the 
use of any therapeutic measure requires the same profound know¬ 
ledge of the phenomena of stimulation, for every therapeutic in¬ 
fluence upon the organism is, essentially, a stimulus. And it is 
evident that the physician should only use stimuli whose effects he 
knows accurately, if he will effect a definite result of stimulation, for 
therapeutic purposes. For this reason pharmacology and toxicology, 
as well as therapy, base a large part of their usefulness on the phe¬ 
nomena and experiences of the physiology of stimulation. If they 
will proceed in a truly scientific manner, they must answer the 
same questions, and proceed in the same way, in the demonstra¬ 
tion of the effects of medicaments and poisons, as that which was 
described in connection with diagnosis. Thus, in the whole realm 
of medicine, we are more and more forced to the necessity of the 
closest union with general physiology. 

I might conclude here, but I feel that I should touch at least 
superficially a question which is much discussed to-day, that ot 
the relation between physiology and psychology. 

You will say, if physiology is the study of the phenomena of 
life, it must include psychic as well as physical phenomena, and 
psychology is thus nothing more than a branch of physiology. 
But the question is really not so simple; the psychic phenomena 
of any other organism are, of course, accessible to our mechanical 
analysis, but in the analysis of our own psychic phenomena we must 
put aside the principles and methods of physics and chemistry. Also, 
it has been shown that the chain of physical occurrences in the 
organism cannot undergo an interruption of continuity anywhere, not 
even in the brain. A physical process is always, and only, the result 
of another physical process, and the starting-point of a third. Thus 
there remains in the series of physical processes no place for any 
psychic link. We have, however, demonstrated that psychic pro¬ 
cesses only occur when definite physical conditions are fulfilled, 
so that the question concerning the relation of physiology to psych- 
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ology is in reality nothing more than the ancient problem of the 
relation between body and soul. 

Since the beginning of human thought, man has striven to solve 
this problem, but one attempt after another has been shattered. At 
times it was thought that the solution had really been found, but the 
old problem was always found smiling scornfully from the other side. 
The alchemy of the Middle Ages busied itself with this question, as it 
attempted to prepare gold from baser metals. Time and again the 
yellow metal shone forth from the crucible, but finally it was always 
found to be nothing but golden pigment. Perhaps our efforts are 
like those of the alchemists, and all our straining is useless, because 
the problem cannot be solved; perhaps the problem is like those of 
ancient times, such as the squaring of the circle, or the discovery of 
perpetual motion, which are in reality not true problems. Perhaps 
what Mephistopheles says is true, 

11 O glaube mir, der manche tausend Jahrc 
An diesor harten Speise kaut, 

Dass von der Wiege bis zur Bahre, 

Kein Mensch den alten Sauerteig verdaut.” 

Whence arises this conception of a dualistic relation of soul and 
body? We are accustomed to hearing Descartes mentioned as its 
source. I believe this is wrong. It is true that Descartes has most 
sharply defined dualism when he contrasted the body, as that 
which has dimensions, with the soul, as that which has not dimen¬ 
sions. But the concept is much older. We find it already in the 
philosophy of the ancients. It is not true that the dualism of body 
and soul is foreign to the thought of primitive man. On the con¬ 
trary, the thought of a contrast between body and soul is very 
generally distributed among the primitive peoples of the earth, 
from Greenland to Tierra del Fuego; from the negroes of the tropics 
to the inhabitants of the South Sea. This shows that we have here 
to do with one of the most ancient thoughts of mankind. 

The imaginative life of primitive peoples shows us plainly the 
origin of this dualistic conception. It is the sharp contrast be¬ 
tween life and death, between waking and sleep, which led to the 
thought of a soul present in the body, a soul which may leave the 
body and again return to it, a soul which after death leads a shadowy 
existence as a spirit. This group of ideas, around which the entire 
spiritual life of primitive peoples revolves, has even developed 
into the conception of two distinct souls, in many of the Indian 
and Eskimo races. One of these, the perceptive spirit, which may 
occasionally during lifetime leave the body and enter other bodies, 
•'or instance in sleep and in dreams; the other spirit, which retains 
life, which passes away with the last breath, and, floating in the 
atmosphere, influences the fortunes of mankind, as a spirit. 
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“Zwei Seelen wohnen, ach, in meiner Brust; 

Die eine will sich von der andem trennen." 

But are these reasons, which gave origin to the twofold, or even 
threefold division of human nature, still binding for us? I answer 
no. The contrast of body and soul exists not at all. It is a decep¬ 
tion. If we prove anything that we know in the entire physical 
world, if we analyze any existing substance, we find nothing but 
a sum of impressions. Impressions are, however, psychic elements. 
Hume actually believed that there was nothing to our bodies, 
except merely impressions, and Kant drew his “Ding an sich” 
from this conception. This was pure hypothesis, and Kant him¬ 
self understood that the “the thing itself,” must always be in¬ 
accessible to our knowledge, and that all knowledge must remain 
limited to our impressions. Why, then, should we conceive of such 
a mystic unknowable and objectless Something? It is completely 
unnecessary. If we analyze the world in a purely empiric manner, 
and discard, in a strictly scientific way, every hypothesis, we find 
no such dualism in the world. The entire world consists of psychic 
impressions, and nothing else is to be found anywhere. 

We must accustom ourselves to this incontrovertible fact, which 
is becoming to-day more and more widespread. The world, then, 
appears completely uniform, and many of the difficulties disappear. 
There is not a division into material and psychic, parallel to one an¬ 
other. Here all is unity, a mighty sum of psychic impressions and 
their complexes; that is, the Psyche, that is, the world, and all 
scientific investigation consists in the analysis of its contents. The 
limits between science and psychology also disappear. We pursue 
the same method in both sciences; we analyze psychic complexes and 
lay down general laws; we do the same in physiology. As a special 
science it is thus limited to a special part of the entire corporeal 
world, to the complex of impressions, which we as organisms feel. 
Thus physiology is a part of psychology, as well ns of natural sci¬ 
ence. For in the broadest sense psychology includes all science. 

I am at the end. Many wanderers travel far away, seeking for 
truth. They spread themselves toward north and south, toward 
east and toward west. They wander through the world on painful, 
intricate paths. At the end, however, they all meet at their goal. 

Thus it is with knowledge; however far they may be sepa¬ 
rated from one another, however specialized and differentiated 
they may be, as they penetrate more deeply, all sciences approach 
one another more and more closely. Finally, however, all the paths 
of investigation end, as their last goal, in the one great realm of 
psychology. 
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Most of the masters in physiology have attempted in one way or 
another to lay before their fellow craftsmen their ideas concerning the 
right methods to be used in physiology, its natural boundaries, and 
its future development. We read these utterances sometimes with 
admiration, sometimes with doubt, but always with interest, and also, 
alas, with disappointment. For it has not been given to any of our 
saints or prophets to pierce very far into the uncertain future, and 
one seeks in vain for a fundamental thought or principle which shall 
illuminate the mystery of life. Our greatest men have, in fact, been 
wise enough to teach us by example rather than by precept; the 
chief lesson that one may learn from their lives and writings is that 
we must continue to investigate, to observe, and to experiment, and 
that in this way only can sure progress be made toward the goal of 
which we all dream. The time seems not yet ripe for the master-mind 
to gather the scattered data and mold them into great generalizations 
or laws such as have been achieved in other sciences. We must, per¬ 
haps, admit that the philosophical basis of physiology, its general prin¬ 
ciples and quantitative laws, have been borrowed in large part from 
other departments, and that the subject has not as yet fully repaid 
this indebtedness by contributions derived solely from its own re¬ 
sources. We have no names to which science as a whole owes as much 
as it does to Galileo, Lavoisier, Newton, Mayer and Joule, Darwin or 
Pasteur, 1 and since we may claim that our greatest physiologists 
rank with the first intellects of their age, their failure to penetrate 
farther into the causation of vital phenomena must be attributed 
to the intrinsic difficulties and complexity which the subject offers 
l,- the human mind. None of us can change this condition, and 
those who desire to forecast the future must be content, therefore, 
to view the subject from the standpoint of past experience and the 

‘ While two of the names quoted have a right to be classed among physiologists 
• Lavoisier and Maver), the contributions made by them which have been so funda¬ 
mental to all sciences were in the departments of chemistry and physics. 
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history of other sciences whose field of work has presented appar¬ 
ently less formidable difficulties. 

In what may be termed the golden period of physiology, that is, the 
latter two thirds of the nineteenth century, the period during which 
the subject became established definitively as an experimental science, 
the rich and abundant harvest of facts gathered by the first workers 
who adopted exclusively experimental methods awoke enthusiasm 
and brightest anticipations. The workers in physiology were ani¬ 
mated by a confident belief that their science was on the highroad to 
a successful solution of the nature and properties of living matter. 
Now, however, at the beginning of the twentieth century, one hears 
frequently the voice of dissatisfaction and criticism. Although the 
workers are more numerous, and the methods and appliances are more 
complete, the harvest of facts is not so rich nor so significant. There¬ 
fore to many it would seem that the methods used are at fault; there 
is need at least for a new point of view. It requires but little reflection 
to become convinced that some of the implied or expressed criticism 
directed toward recent work in physiology is unjust and is founded 
upon a misconception of its true nature and development. I refer 
particularly to the belief so frequently expressed that much of the 
current investigation in physiology is sterile as regards its immediate 
applicability to practical medicine, and the further statement that the 
subject itself has become isolated in a measure from the other bio¬ 
logical sciences. 1 I do not contest the accuracy of these statements, 
but both results must be regarded as a necessary outcome of the nor¬ 
mal and healthy development of the science of physiology. The general 
history of physiology is known to us all; it is not necessary to enter 
into details. It arose out of medicine and developed in intimate rela¬ 
tions with the study of anatomy. But even in its earliest history its 
most significant results were obtained by the use of the experimental 
method, and in the nineteenth century its separation from the purely 
observational sciences was clearly recognized. The establishment of 
physiology as an experimental science is usually attributed to Jo¬ 
hannes Muller and his pupils or their contemporaries who fell under 
his influence. But as I read its history, its modern characteristics 
whether for good or for evil, owe their origin as much to the French 
as to the German school. Johannes Muller himself was not preeminent 
as an experimenter, - he made use of anatomical rather than physio¬ 
logical methods; but his contemporary Magendie was a ty pical modern 
physiologist, and whatever may have been the extent of his personal 
influence during life, there can be no question that his methods of 
work and his points of view are the ones that were subsequently 


• Meltzer, Vitalism and Mechanism in Biology and .A/Wicin*. vol. * IX ’ 

p. 18, 1904. Verworn, Einleitung, ZeiUchnft fur Allgcmexne Physiologie, I, p. 1, 
1902. 
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adopted in physiology. I am not concerned at present, however, with 
the attempt to estimate justly the relative influence of these great men 
and their pupils; the simple point that I wish to insist upon is that 
they established physiology as an experimental science, and pointed 
out that its most intimate relationship must be with the other ex¬ 
perimental sciences of physics and chemistry. Physiology, said Ber¬ 
nard, is not a natural but an experimental science, and most recent 
writers have defined the subject as consisting essentially of the phys¬ 
ics and chemistry of living matter. The two results spoken of above 
have followed as an inevitable outcome of this course of develop¬ 
ment. As an independent science, with specific problems of its own, 
physiology has naturally loosened its connections with the art of 
medicine. Formerly one of the handmaids of the noble art, it has 
been freed in a measure from this servitude, and although its results 
must always be of the greatest importance to the scientific side of 
medicine, it can no longer be expected to devote itself mainly to 
the immediate needs of the physician. The practical problems of 
medicine that can be studied by physiological methods have been 
undertaken less and less frequently by the physiologist proper; they 
have fallen to the hands of the pathologist and the clinician. Physi¬ 
ology does its part in this work by giving to such men the needful 
technique and training which have been developed by the 6tudy of 
its own problems, and the results obtained redound no less to the 
credit of physiology because the investigator concerned happens to 
be classified as a pathologist or clinician. All of the sciences are 
characterized by this mutual helpfulness; the methods and stand¬ 
points developed in one frequently give essential aid to the workers 
in a related science; and the full outcome of the labors of the nar¬ 
row specialist cannot be justly estimated by the immediate results 
in his own department. The physiologist proper, the specialist in 
physiology, must devote himself to the peculiar problems of his 
own subject. It cannot be otherwise, for who else is to attempt the 
solution of these problems? The practical interests of such work to 
medicine may seem to be remote, but it is hardly necessary to repeat 
the often-quoted injunction, founded upon past experience, that the 
solution of a special problem of a fundamental nature carries with 
it in the long run the most important practical results. The state 
of affairs in physiology is exactly similar to what has long been 
recognized as proper and natural in chemistry and physics. The 
chemical problems of practical medicine are not solved by the 
chemist, scarcely indeed by the physiological chemist. But those 
w!,o undertake these problems avail themselves to the fullest of the 
k lowledgc and methods of chemistry, and without this aid their 
work would be impossible. In the same way physiology will continu¬ 
ally aid in the immediate practical work of medicine, although those 
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who designate themselves as physiologists may less and less frequently 
give their own hands to such work. We who are physiologists should 
not be lukewarm nor too critical in our attitude toward the work of 
the specialist. Those who undertake the solution of the problems of 
medicine find a large and sympathetic audience; their work wins 
quick recognition, and oftentimes substantial rewards; while those 
who attempt the more special and peculiar work of the science of 
physiology are not likely to attract the attention or the interest of 
physicians; they must look to their colleagues for encouragement 
and recognition. What has happened to physiology in this matter 
of its relation to medicine will eventually be true of the other medical 
sciences. The tendency is already well developed in the subject of 
anatomy. The specialist in this subject is no longer interested chiefly 
in the surgical or medical bearing of his problems; he has questions 
of his own that look toward the understanding of the great laws of 
growth and development. Medicine should not wish to keep its child¬ 
ren forever tied to its own apron-strings. In proportion as they 
develop normally and healthfully, they must look forward to an inde¬ 
pendent existence, and the great mother doubtless will find most 
honor and help from her offspring as they reach their maturity and 
contribute to her support otherwise than by immediate hand-service. 

It has been inevitable also that the development of physiology as 
an experimental science should cause it to grow away from the other 
biological sciences. Anatomy and the morphological side of botany 
and zoology are observational sciences, and their methods vary widely 
from those employed in physiology. It is still true, of course, that 
purely anatomical work may furnish important data for physiological 
conclusions, for instance, in the physiology of the nervous system; yet 
the tendency of physiology is and has been to depart from such meth¬ 
ods, and there has become apparent an increasing lack of sympathy, 

• a lessening of mutual understanding of each other’s work between the 
anatomist and the physiologist. We cannot expect the old relation¬ 
ship to be renewed by a return of physiology to its ancient methods. 
On the contrary, if there is to be a restoration of the former close 
union, the advance must come from the side of anatomy. Many of the 
problems of this latter science will eventually call for the test of 
experiment, and even now an increasing number of its workers are 
occupying, as it were, a middle ground between the two subjects, 
deriving their problems from the side of anatomy and their methods 
from the side of physiology. Through the influence of this band of 
workers it is possible that the two sciences may be brought more 
closely into touch with each other than has been the case for the last 
few decades. But while the bond between physiologist and biologist 
has been less cordial than in former years physiology has found a com¬ 
pensation in the ever-increasing intimacy of its relationships with 
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physics and chemistry. The physiologist looks more and more to chem¬ 
istry, physics, and physical chemistry for suggestions and methods. 
How can it be otherwise, if the current statement be true that physi¬ 
ology in the long run has to explain the physics and chemistry of 
living matter? The truth of this point of view will be apparent to any 
one who will trace the development of physiology, and it is brought 
forcibly to the mind of every teacher of the subject when he attempts 
to direct the training of one who looks forward to a career as a special¬ 
ist in physiology. I believe that every physiologist feels that the chief 
preparatory training in his subject should consist in a thorough 
grounding in physics and in chemistry. If many of the results of recent 
physiological investigations have not been as decisive as we would 
wish, is it not probable, nay, almost certain, that the fault lies not in 
the nature of the problems investigated, nor altogether in the character 
of the experimental methods employed, but in the inadequate training 
of the workers? If our investigators were better equipped in the 
matter of technical training, there would perhaps be less cause for 
complaint on the score of results, for in physiology, as in the other 
experimental sciences, the number of problems that may be studied by 
known methods is very large, one might almost say indefinitely large. 
We need in physiology not only the great experimenters like Ludwig 
and Bernard, men with an inborn spirit of curiosity and a talent for 
experimental inquiry, but also a large number of productive investiga¬ 
tors whose capacity may be of a lower order, but whose training shall 
be complete enough to insure the acquisition of exact and positive 
results. 

If, as I believe, every one will admit the correctness of the facts 
stated above regarding the tendency of modern physiology to 
imitate closely the methods used in physical and chemical investi¬ 
gations, the only point to be considered in this connection is whether 
or not this tendency is premature. Is physiology, in fact, in a suffi¬ 
ciently developed state to employ the methods of the exact sciences? 
After all, most of the criticism regarding current physiological 
investigation seems to carry with it the implication that in great 
part at least the subject as yet is not prepared for the quantitative 
methods of the other experimental sciences. In considering this 
point much depends necessarily upon the meaning one gives to the 
term physical and chemical methods. If we restrict this term to 
purely physical or chemical studies of living matter in the cell or 
in the organism, the contention of those who are dissatisfied with 
the results of recent work is more readily understood, although, 
in my opinion, far from being justified. Dealing with a substance 
whose composition is very complex and unstable, and whose struc¬ 
ture r .s not known, it is apparent that rapid progress cannot be 
expected and exact results cannot often be obtained even by the 
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employment of accurate methods of research. Such work demands, 
as Ludwig expressed it, that we shall explain each phenomenon as a 
function of the conditions producing it, or, to use Mach’s phraseology, 
as a function of those variables upon which it depends. It is neces¬ 
sary in such experiments that one condition or set of conditions 
be kept constant while another is varied in a known way. While 
this end is often attained in the study of the properties of dead 
matter, it seems entirely obvious that the complex and unstable 
living matter should offer much greater difficulty, and that the 
results obtained should be much less definite and conclusive. Hence 
the numerous investigations in physiology that lead to diverse and 
inconstant conclusions. Hence also the error into which falls the 
over-sanguine physiologist who imagines that he can borrow his 
method from physics or chemistry and apply it forthwith to the 
successful study of the properties of living matter. Every one must 
grant that this kind of work represents the highest ideal of physio¬ 
logical investigation, an ideal toward which the science should 
endeavor to develop; but judging solely by the results obtained 
hitherto, one may be forced to admit that the acquisition of positive 
knowledge by these methods has been slow and uncertain. Such 
relatively simple problems as the elasticity of the living tissues, the 
hydrodynamics of the blood-flow, the electrical phenomena of the 
functional nerve-fibre, the chemical changes of the foodstuffs during 
digestion and absorption, the chemical changes of respiration and 
secretion, are still the subjects of apparently endless controversies. 
Few of the problems of this character that occupied the attenton of 
our predecessors fifty years ago have been solved satisfactorily. In 
each generation certain conclusions are accepted and taught, but 
we are all aware how constantly our views are undergoing change, 
and how few are the facts that we may consider as definitively 
demonstrated. The writers of text-books are obliged to prepare 
frequent new editions not only for the purpose of adding new ma¬ 
terial, but of correcting the old. In fact, in respect to the exact 
methods of research, the state of physiology is not greatly differ¬ 
ent from that of physics or chemistry a century ago. Doubtless much 
of the work done by these methods is poorly done, or at least leads 
to no positive conclusions, owing to the intrinsic difficulties of the 
subject. But granting all this, it seems to me nevertheless that 
in this direction lies the path of greatest honor for those whose 
capacity and training mark them as leaders in the subject. We 
cannot seriously criticise this kind of work without surrendering all 
hope of the future of physiology. We can only justly criticise the 
lack of judgment in those who undertake it without sufficient pre¬ 
paratory training or knowledge of the subject. 

If, on the other hand, by physical and chemical methods we under- 
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stand the experimental method, whatever may be the character of 
its technique, then the question suggested above becomes relatively 
simple. This, I believe, is the standpoint assumed by the founders 
of modern physiology, and this is the truth which they wished to 
emphasize when they claimed that physiology. is essentially an 
experimental science which must develop along lines similar to 
those worked out in physics and chemistry. When Magendie com¬ 
pleted the demonstration of the division of function between the 
anterior and the posterior roots of the spinal nerves, a distinction 
that had been assumed by Bell on anatomical grounds, he used the 
chemical and physical method; he stimulated each root, and thus 
arrived at a positive conclusion which could never have been reached 
except by the employment of the experimental method. And those 
observers like Langley, who in our own day are slowly unraveling 
the physiological mechanism of the so-called sympathetic or auto¬ 
nomic nervous system and are using experimental stimulation at 
every stage of the work, are also in this sense employing the physical 
and chemical method. From this point of view there is no room for 
criticism regarding the progress, past or future, of the science of 
physiology. Most of our advance in knowledge has been due to 
direct experimental inquiry, and the opportunities for further satis¬ 
factory work of the same character are lacking only to those who 
fail in the zeal or talent requisite to imagine and carry out experi¬ 
mental investigations. A recent writer 1 has said, "He who cannot 
discover and classify new facts in any branch of natural science 
after a few weeks, or at most a few months, of industrious work 
must indeed be ignorant or unskilled.” As regards experimental 
physiology, I cannot agree with this author in the implied sim¬ 
plicity of the task of discovery of new facts. I fancy that the 
unpublished history of the subject contains records of many inves¬ 
tigations which were carried out by observers neither ignorant nor 
unskilled, but which failed to unearth any new facts. But this 
much seems to me to l>e certain, that in physiology at present there 
is abundant opportunity for every grade of investigation. The 
subject is not so far advanced that new facts of even the simplest 
kind are without value. That purely anatomical studies may have 
a profound influence upon physiological theories is illustrated in the 
most striking way bv the history of the so-called neurone doctrine 
and by the modified views upon this subject that are beginning to 
be felt in consequence of the anatomical work of Apathy, Nissl. 
Bet he. and others. For physiology, however, it is all-important that 
the ideas suggested from the anatomical side shall be verified and 
expanded by the experimental method. Bethe's experimental 

! Ostwald. The Relations of Biology and the Neighboring Sciences. University 
of California Publications, Physiology, i, p. 11, 1903. 
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researches upon the degeneration and regeneration of peripheral 
nerve-fibers have added greatly to the significance of his anatomical 
work, and will insure the recognition of the importance of the 
newer ideas concerning the physiological mechanisms of the nerv¬ 
ous system. While I agree most heartily with Verworn 1 that 
physiology should claim “vollstandige Freiheit in der Wahl des 
Objekts und in der Wahl der Methoden,” I find it necessary to supple¬ 
ment this demand by the restriction that the methods, to be physi¬ 
ological, must be experimental. This peculiarity constitutes the 
shibboleth that serves to distinguish the physiologist from his 
biological comrades. So long as any physiologist answers to this 
designation, he should be recognized as a worthy member of our 
guild. The tendency sometimes exhibited by our most active and 
prominent workers, to magnify the importance of their own, per¬ 
haps newer, methods, by contemptuous or despairing criticism of 
the methods employed by other workers, seems to me not only 
ungenerous and unjustifiable, but even positively injurious to the 
advancement of our science. There is opportunity for important 
results from all good methods whether old or new, and he whose 
training or opportunities enable him to do his best work along 
well-established lines need not be discouraged or diverted in his 
labors because newer modes are the sensation of the hour. Our 
greatest teachers have been characterized always by a large-minded 
sympathy for work of all kinds so long as it is well conceived and 
well executed. 

In all the biological sciences there is an opportunity for physio¬ 
logical work. Hypotheses based upon anatomical facts call for the 
test of experiment, and the methods that suffice in the beginning 
may be relatively simple, so that little or no technical training is 
required for the work so far as the experimental side is concerned. 
The experimental zoologist has entered upon such a field. For no 
good reason he has selected this designation, which seems to suggest 
the formation of a new specialty. As a matter of fact, experi¬ 
mental work upon animals is necessarily physiological, and the 
experimental zoologist must look for his methods and implements 
to the science of physiology. Work of this kind has all the fascina¬ 
tions of pioneer life; it holds out the possibility of rich discovery, 
of unexpected finds, and will doubtless attract from physiology 
and from anatomy the adventurous spirits with large ideas, together 
with many who are simply dissatisfied with conditions as they are. 
I cannot, however, sympathize with those who. stirred by the results 
already reported, seem to feel that all of the energy and ability of 
our subject should be diverted to this kind of work. On the con¬ 
trary, however important and attractive this work may be, it is 

1 Loc. dt. 
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distinctly not the best field for the trained specialist in physiology. 
There is a large domain discovered by the pioneers of other times 
which needs development. Crude methods will not suffice for this 
work, and it constitutes the special field for the best-trained artisans 
in physiology. This most difficult and most fundamental work 
must be accomplished through the agency of the exact methods of 
physics and chemistry, and if those who have the requisite training 
are devoting themselves energetically to this duty, those of us who 
may lack the ability or special training for such complex under¬ 
takings should not be too critical of the results. In the nature of 
things the work of the pioneer is likely to bring greater glory and 
recognition to those who make a success of it, but the regions he 
opens must be subsequently explored and developed. Those who do 
this latter work are the ones who really determine the importance 
of each new discovery; they are the ones who ascertain for us 
whether it is a barren country that has been opened up, or one rich 
in the possibilities of wealth. This, as I see it, is the kind of work 
in which the great body of physiologists is actually engaged at 
present, and it is a kind of work in which the technical methods of 
physics and chemistry must be of increasing importance. 

But whether physiological work is directed along purely physical 
or chemical lines, or is, to use a current designation, biological in 
character, so long as its experimental side is emphasized, it is pure 
physiology, and must, if pursued with energy and ability, contribute 
to the advancement of our science. This has been the line of devel¬ 
opment of modern physiology from the time when its founders first 
pointed out the inadequacy of observational methods and unsup¬ 
ported speculative reasoning. Those who were responsible for 
giving it this direction of growth felt that its future was thereby 
assured. “La physiologie,” said Bernard, 1 “d6finitivement engagge 
dans la voie expgrimentale, n’a plus qu’& poursuivre sa marche.” 
For a long time we have been advancing along this path, and it is 
only necessary to look back to realize the great progress that has 
been made. When we look forward, however, difficulties present 
themselves that have made some physiologists doubt whether after 
all the experimental way will lead us to the end that the science 
has in mind. The apparently insuperable obstacles continually 
obtruding themselves always alarm unduly some of our leaders. 
Fifteen years ago a well-known physiologist, who has himself done 
much valuable experimental work, exclaimed that our present 
methods of investigation had reached their limit. 3 “The smallest 
cell exhibits all the mysteries of life, and our present methods of 

1 Pernard. De la physiologie g&nfrale, Preface, Paris, 1872. 

: Bunge, Physiological and Pathological Chemistry, Introduction, English trans¬ 
ition, London, 1S90. 
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its investigation have reached their limit.” But in the brief period 
that has elapsed since that complaint was made, many additions of 
striking importance have been made to our knowledge, “with the 
help of chemistry, physics, and anatomy alone.” Since that time 
the discovery of internal secretions has opened a new field of experi¬ 
mental work; the methods of physical chemistry have found a 
fruitful application in the problems of secretion and absorption; 
physiological chemistry has steadily added to our knowledge of the 
composition of the body; our conceptions of the influence and 
extent of the action of enzymes has been greatly broadened, and 
the whole subject of so-called biological reactions, as illustrated by 
the acquisition of immunity toward foreign substances, has been 
added to our means of research. 

Long ago Borelli and his followers, the iatro-physicists and iatro- 
chemists, had rightly conceived the method by means of which the 
problems of physiology should be approached, and if in the eight¬ 
eenth century the workers in this subject became discouraged and 
forsook the narrow path of physio-chemical methods and explana¬ 
tions for the broad and easy road of “baseless and senseless hypo¬ 
theses,” 1 who can doubt that the progress of physiology was 
thereby delayed? Whatever may seem to be the difficulties ahead, 
however inadequate our methods may appear, the history of physio¬ 
logy, like that of the other experimental sciences, teaches us in the 
clearest possible way that if we follow steadfastly the advice of our 
greatest teachers and continue to experiment, to try. new methods 
will be developed continually which will prove adequate to the fruit¬ 
ful investigation of the seemingly impossible problems that con¬ 
front us. We have many examples in our own subject of the un¬ 
wisdom of crying ignorabimus. Take the instance of the velocity of 
the nerve impulse. The greatest living master of physiology, im¬ 
pressed by the idea that the action of the nerve must depend upon 
the movement of an imponderable material propagated with a 
velocity comparable to that of light, had declared that it was hope¬ 
less to think of arriving at an experimental determination of this 
velocity within the short distance offered by the animal body. 1 et 
a few years afterward Du Bois Reymond discovered the electrical 
phenomena of the stimulated nerve, and reasoning from this fact. 
Helmholtz was led to his beautiful and simple experiments, by 
means of which the velocity of the nerve impulse was accurately 
measured. Muller’s surrender of the problem was due to a false 
assumption, and without doubt we or our descendants will find that 
many of the questions that seem to us beyond the limit of experi¬ 
mental study will be made accessible to investigation by the dis¬ 
covery of new facts and methods. To judge from the past, the great- 
1 Reil, Archiv fur die Physiologic, vol. x. p. 4, 1796. 
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est danger and mistake lies always in that hopeless attitude of 
mind which assumes that what is impossible now to our methods 
and to our limited vision will remain so forever. I cannot myself 
see any reason why the physiologist should be despondent of the 
future, nor why he should depart in any way from the rule laid 
down by Harvey, “to search out and study the secrets of nature 
by way of experiment.” 1 Those who criticise existing tendencies 
and methods, and speak vaguely of a better way, have nothing 
definite to offer, except a return to the barren and disastrous method 
of speculation by way of the “inner sense.” 2 

There are certain large problems in biology which, by defini¬ 
tion at least, belong to physiology, but which as a matter of fact 
do not at present form a subject of investigation by physiologists. 
Such, for instance, are the great questions of development and 
heredity, and the varied and important reactions between the 
organism and its environment included under the term ecology, 
or bionomics. The course of development in biology has been such 
that in recent years these questions have fallen mainly into the 
hands of the morphologists. But the methods employed by the 
morphologists in their investigations tend to become more and 
more experimental, and we may infer that the workers who devote 
themselves to these problems will be compelled to have recourse 
more and more to the technical methods of physiology. It is there¬ 
fore a fair question as to whether or not it is desirable that the 
specialist in physiology should give his attention to work of this 
character. Burdon-Sanderson, in an address before the British 
Association for the Advancement of Science, 1893,* took the ground 
that the field of physiology proper, as determined by the course 
of development, lies altogether in the province of what he calls 
the internal relations of the organism, that is, “the action of the 
parts or organs in their relations to each other.” This definition 
is at least an approximately accurate statement of the scope of 
physiology as it has existed during the past two or three genera¬ 
tions. I say approximately accurate, because as a matter of fact 
some recognized physiological work has concerned itself with the 
reactions between the organism and its environment, such work, 
for instance, as the effect of external temperature upon heat pro¬ 
duction, or the effects of altitude upon the elements of the blood. 
Still the reaction to the environment has been studied by the 
physiologist only in so far as the adaptation can be detected at once 
or within a relatively short period of time. Those reactions that 
are detectible only or mainly in the progeny have been left very 

1 Quoted from Pye-Smith, Harveian Oration, Nature, vol. xix, 1S93 

• Bunge, lor. cit. 

J Nature, vol. xix, 1893. 
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properly to those sciences whose dominant method is that of obser¬ 
vation and comparison. In this regard the history of physiology 
offers an analogy to that of physics. Most of the problems of astro¬ 
nomy and geology are in a wide sense physical problems, but in 
the division of labor made necessary by the extent of the held to 
be cultivated, the specialist in physics has limited himself to the 
study of the properties of inanimate matter so far as they can be 
approached by the methods of laboratory experiment. The wider 
relations of this matter to the cosmical processes throughout the 
visible universe, and its transformations during long periods of 
time, have formed the subject-matter for independent although 
related sciences. The astronomer or geologist makes much use of 
physical knowledge and physical methods, but his subject is large 
enough to form an independent department of science. A similar 
division of labor has been followed in the sciences that deal with 
animate nature, and the part that has fallen to the physiologist 
is mainly the experimental laboratory study of the properties of 
living matter. It seems proper, and indeed necessary, that the broader 
ecological problems should form an independent science which 
will need specialists of its own. Work of this kind cannot be re¬ 
garded as lying within the province of the specialist in physiology, 
although without doubt the development of the physiological 
sides of the subject will be made largely through methods and 
technique borrowed or adapted from physiology, and on the other 
hand the results obtained from ecological work will doubtless 
exert a reflex influence upon the methods and especially the the¬ 
ories of physiology. . , , 

The matter stands otherwise, however, in regard to the deeply 
interesting and important facts of embryological development. 
The laws of growth and senescence, the secrets of fertilization an* 
heredity, must be studied in the long run by the physiologist; they 
are intrinsically physiological problems and must yield at la> 
to the experimental methods of the laboratory, these questions 
have been studied heretofore chiefly by anatomical methods; but 
this is the natural order of development. The anatomical side is 
the simpler; it precedes and serves as a basis for physiological in¬ 
vestigation, as the renaissance of anatomy in the sixteenth cen¬ 
tury formed the logical precursor of a similar awakening in p si- 
. ology in the seventeenth century. The anatomist has been forced, 
so to speak, to take up first the problems of development but of 
necessity the need for experimental work has soon made itself 
felt. The results that have been obtained by the use of the simple 
but ingenious experiments so far employed have been most sug¬ 
gestive, and indicate clearly that a promising future awaits the 
further extension of this method. If for a time longer such work 
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shall be done mainly by those whose training has been received 
in the observational sciences, it seems inevitable that the specialist 
in physiology must also enter the field. Chemical and physical 
methods are clearly adapted to the study of these problems, for in 
the end we expect to find the scientific explanation of growth and 
development in the physical and chemical properties of living 
matter. The subject is as truly a part of physiology as the pro¬ 
cesses of secretion and nutrition. In the current literature upon 
the subject there is at present a freedom in the formation of hypo¬ 
theses and a reliance upon the virtues of the syllogism which tend 
to bring it into sympathetic relations with philosophy rather than 
with physiology. But as the store of observed and demonstrable 
data is increased, the boundary-line between the probable and the 
improbable will be more sharply drawn, and more objective methods 
and less ambiguous theories will mark the development of the subject 
along experimental lines. 

In the strictly physiological literature of the past century, a char¬ 
acteristic feature has been the absence of philosophical speculation. 
Although the physiologists have been concerned most directly 
with the problems of life, they, of all the biological family, have 
been least productive in the philosophical discussions that have 
prevailed during this period. Those who were most conspicuous in 
laying the foundation of our exact knowledge followed upon an age 
of free speculation, and therefore, as it were by protest against 
this tendency, devoted themselves to an empirical study of the sub¬ 
ject, following the admonition of Harvey mentioned above; of 
Hunter, whose advice was,‘“Don’t think, try;” and of Magendie, 
whose guiding principle of work was similarly expressed. 

At the present time there are indications that the workers in 
physiology are dissatisfied with this cautious attitude. There 
seems to be a reaction against the purely empirical procedure, and 
a demand for the discussion of the underlying philosophical prin¬ 
ciples. This tendency, in fact, has seemed to affect all of the ex¬ 
perimental sciences. “All sciences,” says Ostwald, 1 “are tending 
to be philosophical;” and he and others see in this fact an indica¬ 
tion of the approach of an era of synthesis in science, a beginning 
of the unification of all the widely separated specialties toward a 
common end. Others will perhaps view this tendency with alarm, 
and imagine (hat history is repeating itself; that after a century 
of objective experimentation the restless mind of man is reverting 
to the speculative methods of the eighteenth century and attempt¬ 
ing after the manner of other days to reach by a shorter path the 
final goal of an understanding of the mysteries of the universe. 
Truly, when one examines the results of this recent tendency, he 

1 Loc. dt. 
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finds in them but little to encourage his hopes of a more rapid 
advance in knowledge. While many protest against the inadequacy • 
of our present methods, the progress that is actually being made 
is accomplished, as formerly, by those who adhere to the tried 
method of experimenting continually in every direction. So far as 
I can see, it is still the duty of the physiologist to insist upon the 
necessity and value of empirical work. What we need is not so 
much philosophical theories as new experimental methods, and 
these will be discovered only by those who, trained in the technique 
of the subject, are continually attempting to modify and improve 
existing methods. Physiology needs a Pasteur rather than a Des¬ 
cartes. It is possible that the sciences of physics and chemistry, 
being so much farther advanced than that of physiology, may 
feel acutely the need of reconstructing their philosophical basis 
in order that their working hypotheses may better adapt them¬ 
selves to future experimental work, but in physiology the guiding 
principles which we have received from these sciences still hold 
out richest possibilities of results, and we have not within the 
limits of our own subject reached that degree of development which 
calls for a fundamental change in methods or theory. While de¬ 
precating, therefore, in the strongest possible way any effort to 
minimize the importance of the experimental work as now car¬ 
ried on in physiology, it seems to me, nevertheless, quite evident 
that some value must be given also to the character of the general 
philosophical idea upon which this work is based. The purely 
agnostic point of view is suited, perhaps, to individual minds; and 
where our ignorance is so great the empirical attitude is doubtless 
the most modest, and theoretically the most justifiable. But hu¬ 
man nature is such that an entirely neutral and judicial stand¬ 
point fails to arouse in it much enthusiasm or strenuous endeavor. 
In science we need enthusiasm, for much work is to be done, and 
scientists as a body, like their fellow mortals, are not content to 
hold themselves aloof from speculations regarding the final object 
and significance of their labors. The nature of the underlying phil¬ 
osophical belief has always had an important influence upon the 
extent and character of scientific work, and we must take this factor 
into our reckoning in any attempt to estimate the conditions that 
contribute to the advance or to the retrogression of science. 

Toward the middle of the nineteenth century magnificent work 
in physiology was being done in Germany and in France. The 
methods that were employed by Flourens, Magcndie, and Bernard 
were as productive and as modern as those used by their contem¬ 
poraries in Germany, but the influence of the latter school was 
seemingly more widespread, if we may judge this influence by the 
effect upon the entire body of investigators in physiology. Recent 
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historians, 1 outside of France, trace the modern revival chiefly 
to the German school, to the work and the influence of Du Bois 
Revmond, Ludwig, Helmholtz, Briicke, et al. It has seemed to 
me that one reason for the seeming neglect of the equally import¬ 
ant work of the French school lies in the fact that the leaders in 
the German school were animated by a philosophical principle 
whose influence not only guided their own work, as it did, indeed, 
that of the French physiologists, but which was so emphasized 
and displayed before the eyes of men that it kindled enthusiasm 
and attracted recruits from all lands to the army of investigators 
in physiology. The flag under which they marched bore the motto 
of mechanism, and its followers were animated by the hope that 
physico-chemical and anatomical methods applied to the experimental 
study of the properties of living matter would soon bring these mys¬ 
teries under the control of science. So rapidly indeed were results ac¬ 
cumulated in the beginning that the over-sanguine believed the end 
nearly in sight, and the hope was entertained by not a few that 
we should soon understand the structure of living matter, and per¬ 
haps be able to manufacture it with our own hands. We realize 
now that this hope was premature. We know much more than 
our predecessors at the beginning of the nineteenth century; the 
science has marched onward at a rapid rate; but what seemed to 
be the end of the forest is only a small clearing, an open space, 
and in front of us still lies an apparently pathless wilderness. Na¬ 
turally, therefore, the question has arisen as to whether or not we 
are following the right route; there has been a more or less gen¬ 
eral revival of the old discussions regarding mechanism and vital¬ 
ism. On the basis of the knowledge and experience obtained by 
a century of work, there is a disposition to orient the subject anew 
regarding these guiding principles of investigation. 

Recent writers have recognized various degrees or kinds of 
vitalism, the mechanical and psychical, the natural and transcend¬ 
ental, and the neo-vitalist, as distinguished from the vitalist of the 
eighteenth century. Leaving aside ultimate views as to idealism 
or materialism which can scarcely be supposed to exert any direct 
influence on scientific work, it seems to me that the vitalist in 
physiology now is what he has always been, one who believes that 
there is a something peculiar, a quid proprivm, to use Bernard’s 
expression, inherent in or indissolubly connected with living matter, 
a something that is different from matter and energy as understood 
in physics and chemistry, a something, therefore, that does not neces- 
? trilv manifest itself in accordance with so-called physico-chemical 
laws. The name that we may give to this something matters but 

1 Tigorstedt, Zur Psychologic der naturwisscnschaftlichen Forschunq, Helsing¬ 
fors. 1902; Burdon-Sanderson, loc. cit. 
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little; we may call it soul, animal spirits, vital principle or force, 
ether, nervous fluid, inner sense, consciousness or psyche, but plus 
c’est changt, plus c'est la mane chose. We may differ as to whether 
this something is connected with living matter in all its forms or 
whether its manifestations are limited to the nervous tissues, but 
if we admit its existence as a causal factor in any of the phenomena 
of life, then it seems to me that we adopt the standpoint of vitalism, 
and the nature of our work as well as our theories will be influenced 
thereby. The standpoint of the mechanist is simple. He believes 
that all the properties of living matter are of a chemico-physical 
nature, that is, properties that are dependent upon the structure 
and arrangement of the molecules and the eternal characteristics 
of their constituent parts. The C, H, 0, N, S, P, etc., that enter into 
its composition carry with them their individual properties, and if 
nothing else is present in living matter, the phenomena exhibited 
by it must be a resultant of these properties, as the phenomena 
exhibited by sodium chloride depend upon the combination of the 
properties of the constituent sodium and chlorine. From this stand¬ 
point we may assume that if there is in living matter any recog¬ 
nizable form of energy not hitherto classified, it is intrinsically pre¬ 
sent in dead matter also, and we may hope to discover its existence 
by purely physico-chemical methods of investigation, with the 
probability, indeed, that it will be recognized first by the chemist or 
the physicist with his more exact methods and more favorable 
conditions for quantitative analysis. If we are unwilling to adopt 
this standpoint, then it seems to me that, unless we deem it wiser 
to assume an entirely agnostic attitude, we are logically forced to 
take one of two positions. With the older physiologists we may 
boldly assume the existence in living organisms of a finer stuff inter¬ 
mingled with the so-called matter, a substance that is not matter 
as we understand that term in science, but which, in combination 
. with matter, gives to living things their distinctive characteristics; 
or we may assume the existence in the universe of a reality other 
than matter, with the belief that it is influenced by and exerts an 
influence upon matter only in the living form, in some such way 
as the earlier physicists postulated an ether that can be affected by 
matter only when in a certain state of vibration. If I read them 
correctly, most modern scientific authorities adopt substantially 
this latter point of view. The so-called psychical phenomena of life 
are differentiated from the physical, but at the same time it is 
admitted that the subjective or psychical manifestations are depend¬ 
ent upon physico-chemical changes in the material substratum. 
Huxley states the matter with his usual candor and clearness : 
“It seems to me pretty plain that there is a third thing in the uni¬ 
verse, to wit, consciousness, which in the hardness of my head or 
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heart, I cannot see to be matter or force or any conceivable modifi¬ 
cation of either.” It is perhaps a question of terms only as to whether 
this point of view is properly designated as vitalism. Inasmuch, 
however, as it assumes a something that can be influenced only by 
living matter, possibly only by special forms of living matter, and 
in turn can only act upon living matter, it draws a line between 
the properties of the animate and the inanimate which represents 
a real distinction, and those who hold to this point of view or any 
modification of it can scarcely escape, for want of a better term, the 
designation of vitalist, even though it is recognized that the reaction 
between the subjective and the objective world may be governed 
by laws that are, strictly speaking, as mechanical as those reactions 
of matter that have been generalized under the laws of physics and 
chemistry. In this sense I believe that the majority of physiologists 
belong to the school of vitalists. The methods that they employ 
and the nomenclature they use are, however, mechanical, because 
the science recognizes that its ultimate aim is to understand the 
mechanics of living matter, and that in this way only, if at all, shall 
we be able to arrive at a conception of the relations of this matter 
to a reality of a different order. The older physiologists, and some 
of recent times, have used the conception of vitalism as a convenient 
and easy means of accounting for many processes which further 
investigation has shown to be purely mechanical. Experiences of 
this kind tend to strengthen our belief that most of the unknowns 
confronting us at present will be analyzed eventually in terms of the 
conceptions of physics and chemistry; but there is always present 
in physiology the tendency to assume that what is not clearly or 
conceivably reducible to the laws of matter and energy must there¬ 
fore belong to the “irreducible residuum.” The nature of this 
residuum, the connotation of the term vitalism, varies somewhat 
with each generation. 

Bernard, in his lucid and masterly discussion of the phenomena 
of life, came to the conclusion that the irreducible residuum, to which 
the laws of chemistry and physics are not and cannot be applicable, 
is the power of development of the egg. “Car il est clair que cette 
propri£t4 Evolutive de l’teuf, qui produira un mammifdre, un oiseau, 
ou un poisson, n’est ni de la physique ni de la chimie. ... La 
force Evolutive de l'oeuf et des cellules est done le dernier rempart 
du vitalisme.” 1 In our own day the study of the mechanics of devel¬ 
opment is actively pursued by many investigators, and I fancy that 
few modern physiologists are inclined to take a truly vitalistic 
view of the Process. However much the facts of development are 
beyond the possibility of explanation in terms of our present 
ehemico-physical knowledge, it is clearly conceivable that the 

1 Bernard, Rente des Deux Mondes, ix, p. 326, 1875. 
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observed processes may all be due solely to the material structure 
of the fertilized ovum acting in accordance with physico-chemical 
laws, and that, therefore, our present methods of investigation 
may eventually bring these phenomena within the limits of a scien¬ 
tific explanation. The irreducible residuum recognized to-day, and 
indeed admitted always by many of the physiologists who are 
reckoned among the mechanists, is the psychical reaction, the phe¬ 
nomenon of consciousness. However much we may come to know 
of the physico-chemical processes that give rise to this reaction, it 
has been asserted by most of the scientific authorities of our time 
that the psychical side itself is beyond the possible application of 
the methods of physics and chemistry, a conclusion that, as it seems 
to me, is tantamount to the admission of the existence of a non¬ 
material reality. The study of consciousness has therefore been 
eliminated from the subject of physiology on the ground that the 
methods of our science are inapplicable. I fully agree, however, with 
the timely and courageous statement of Minot 1 that “Conscious¬ 
ness ought to be regarded as a biological phenomenon, which the 
biologist ought to investigate in order to increase the number of 
verifiable data concerning it.” If for the present this task is con¬ 
fided to the workers in the independent science of psychology, the 
only successful methods that they can employ are those of obser¬ 
vation and experiment, and eventually the latter mode of investi¬ 
gation must become the more important, and the subject must be 
recognized as destined to come within the province of experimental 
physiology. To Minot the most important work at present is to 
be accomplished by an extension of the comparative method to the 
psychological study of all forms of life, but to the physiologist it 
would seem that a no less promising although technically more 
difficult field will be found in neuro-pathology, which holds out 
hopes that definite variations in the psychical reaction may be con¬ 
nected with distinct alterations in the structure and properties of 
the material substratum. One can scarcely doubt that the combined 
labors of the psychologist, biologist, physiologist, and pathologist 
will eventually accumulate many verifiable data concerning con¬ 
sciousness. We are not able at present, it is true, to form any con¬ 
ception of the nature of the relation between the subjective and the 
objective, but new facts may alter wonderfully our insight into this 
mystery, and it is the clear duty of physiology to participate in the 
work of accumulating all possible data bearing upon this relation. 
The introspective method alone is insufficient, and we have no 
alternative but to trust hopefully in the less pretentious method of 
scientific observation and experiment. We may believe that in this 

1 Minot, Presidential Address, American Association for the Advancement of 
Science, Pittsburgh Meeting, Science, xvi, p. 1, 1902. 
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way a basis will be obtained upon which philosophy may reason, 
more surely and more successfully than is possible now, concerning 
the psychical life and its relations to the mechanical phenomena of 
the universe. 

If I may summarize briefly my point of view regarding the 
present problems of physiology, what I have wished to emphasize 
is this. The experimental method, physical, chemical, biological, or 
anatomical is the life and hope of the subject. Its future depends 
solely upon the steadfast recognition of the necessity and possibil¬ 
ities of this means of research. Every investigator who is anxious 
to add to the stock of physiological knowledge should experiment 
ceaselessly by those methods which he is most capable of using, 
while those who are looking forward to the highest work in physi¬ 
ology should fit themselves by a thorough training in physics or 
chemistry, since the most difficult and the most fundamental pro¬ 
blems in the subject require the use of the methods and modes 
of thought of these sciences. There must be an outlying division of 
workers who will keep the subject in touch with practical medicine, 
and other divisions through which communications will be estab¬ 
lished with psychology and the morphological sciences; but the 
flower of the army, the imperial guard, will consist of those who 
have been disciplined in the methods of physics and chemistry, and 
who are able to apply this training to the study of the properties 
of living matter. 


SHORT PAPER 

Pkofessok E. P. Lyon*, of St. Louis University, read a contribution before 
this Section “On the Theory of Rheotropism in Free Swimming Animals,” in 
which he discussed the orientation of organisms in streams of water, a phe¬ 
nomenon frequently observed, but having received thus far little attention. 
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ANTHROPOLOGY AND ITS LARGER PROBLEMS 

BY W J MCGEE 

TO ZSil 
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It 

hSSLfSi’JnZSSSMi* memoirs, and several hundred minor article,.) 

Youngest in the sisterhood of sciences, anthropology borrows 
principles and methods from all the older branches of knowledge, 
and her first problem - a problem renewed with each step of ad¬ 
vance, and hence endless as the problem of quarry to the hunts¬ 
man or of crop to the planter - is that of determining her own 
relations in the realm of knowledge, her own place and powers 

the intellectual world. ..... 

Viewed in the light of history, it is no accident that anthropo¬ 
logy is the youngest of the sciences; for it is the way of know¬ 
ledge to begin with the remote and come down to the nea 
start with the stars, linger amid the mountains, rest awhile among 
rare gems, and only slowly approach such commonplace things as 
plants and animals and soils, to end at last with man. Worn growing 
knowledge has pursued paths leading from the remote to the near, 
from the rare to the common, from the abnormal to the normal, 
from the unreal to the real, from wonder to wisdom, indeed, 
from chaos to cosmos and from star to man, - all this is history 
why these paths have been pursued may well remain a problem until 
more is known of the constitution of the human brain and of the 
laws of mind. 
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Yet, viewed in the light of the relations among the sciences, it 
is no mere chance that the science of man rises from the hip and 
shoulder and head of the elder-sister sciences, as the family infant 
is borne by primitive folk; for the sciences have come up, just as 
the cosmos seems to have developed, in an order of increasing com¬ 
plexity. The stellar bodies are interrelated through gravity and 
various forms of molar force which may be combined under the 
term molarity ; and astronomy in its earlier form was the science 
of these relations. As the planets took shape (whether through 
nebular integration or through planetesimal aggregation), chem¬ 
ical reactions became paramount over mechanical relations, and 
affinity was superadded to molarity; and in a parallel order chem¬ 
istry was added to astronomy in the growth of knowledge. When 
our planet was incrusted, and the great deeps were divided into 
sea and land, life appeared, and thereby vitality was superadded 
to affinity; and concordantly, as knowledge grew, the biotic 
sciences followed the more exactly quantitative earlier branches. 
In cosmic time animal activity followed hard on more inert vegetal 
life, and motility was superadded to vitality; and in human time 
animals were domesticated soon after plants were cultivated, while 
zoology grew up nearly apace with phytology. As the earth aged 
into continental and seasonal steadiness, and the struggle for or¬ 
ganic existence grew strenuous, more and more of the battles were 
lost to the strong and the races to the swift, and were won by the 
intelligent, and thereby mentality was superadded to vitality as a 
factor in earth-history, and man came to his own as a mind-led 
monarch over lower life and a progressive conqueror of the na¬ 
tural forces; and in like manner, as human history matures, it 
records anthropology as the younger-kin of zoology. In a word, 
man, as the head and intellectual ruler over the realm of life, alone 
stands for all the fundamental forces of molarity plus affinity plus 
vitality plus motility plus mentality, and is interrelated alike 
with sun and planet, agent and reagent, plant and seed, egg and 
animal, and with groups of his own kind; and, in a word, the sci¬ 
ence of man is, more than any other branch of knowledge, inter¬ 
dependent with all the sister sciences, and more many-sided than 
any of the rest. 

The Setting ol the Science 

The scriptless nomads of the human prime (and of many lands) 
set their journeys by the stars and enshrined their beastly deities 
in the visible firmament, and thus astrology set out on a course 
still traceable through constellations and planet-myths; at the same 
time those mnemonic devices of the sky were mated with equally 
imaginative symbols of every-day things, and as these grew into 
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geometric designs and arbitrary characters, a system of almaca- 
bala — the earth-placed twin of sky-set astrology — took a course 
still marked by the ancient hieroglyphs of many lands. In the 
fullness of time (and primitive progress was tedious beyond tell¬ 
ing), astronomy grew out of astrology as the first of the sciences, 
leaving a large residuum of mythology behind. In like manner, 
and at about the same stage (i. e., about the birth-time of writing), 
algorithm and algebra came out of almacabala, leaving a residuum 
of black art and white magic, jugglery and enchantment; and as the 
algorithm grew into arithmetic and wizardly geomancy gave way 
to scholarly geometry, mathematics took shape as the complement 
of astronomy —and these sisters twain were nurses and teachers of 
all the younger sciences. Still the caldron of inchoate knowledge 
boiled and bubbled with Macbethian pother, and the foul fumes of 
black magic long concealed the few germs of real knowledge shaped 
by the steady pressure of actual experience —for this was the time 
of alchemy, whose slimy spume at last slipped away from chemistry, 

the third of the sciences. # 

Astronomy led writing (as the constellations attest), while 

mathematics followed close on writing and records, as its symbols 
show, and both belonged to what may be called the Naissance of 
Knowledge; chemistry appeared during the same period, bear¬ 
ing the prophecy of physics caught by Archimedes, yet remained 
a helpless weakling — the foil and puppet of medievalism - 
throughout the whole of the Dark Ages; but during the Renais¬ 
sance the trio of elder sciences gained strength together and as¬ 
sumed lasting dominion over the realm of knowledge. Because 
their birth dates back to or beyond the beginning of records, the 
early stages of these sciences are imperfectly written; but the 
youngest science, anthropology, buys methods and principles 
from the more exact elders and pays amply in coin of history, 
for by tracing the careers of later-born or slower-grown folk and 
cults, anthropologists learn to retrace the lost steps in the (’•‘reels 
of ancestral peoples and early cultures. Here lie some of the re¬ 
lations between anthropology and the elder sciences; she receives 
exact methods tested by millenniums of experience, and gives 
interpretations of the ideas and motives, the arts and accomplish¬ 
ments, the modes of thought and the stages of progress, of the 
earliest science-makers. Astronomy and mathematics and chem¬ 
istry are systems of knowledge produced by men and minds 
anthropology is systematic knowledge of these prof ucero, an 
neither the old sciences nor the new can be rendered complete 
and stable without the support of the others. 

The science of sentient man - of man as a thinking and col¬ 
lective organism — helps to illumine the Dark Ages no less than 
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the Naissance of Knowledge; and at the same time it sheds new 
light on the origin of that group of modern sciences of which it is 
itself the youngest. The early period of intellectual activity in 
Babylon and Alexandria, Athens and Rome, may be likened to 
the blossoming of a plant in springtime; it was the summing and 
outshowing of a mentality shaped during uncounted generations 
of experience along definite lines, in environments of distinctive 
sort — and the blossoming was fuller of promise than the ancients 
dreamed. Then came the ages that were dark because energy was 
diverted to new lines; for leaders of thought gave way to leaders 
of action, and these became pioneers in new environments where 
threads of new experience had to be spun from the lives of genera¬ 
tions before they could be woven into the fabric of knowledge. 
The forefathers of the joint founders of scholasticism and science 
lived winterless lives in sunny lands, and the early science reveals 
an elysian tinge; while the ancestry of the makers of modern (or 
natural) science spent their force in conquering wood-lands and 
wood-life in cloudy and wet and long-wintered Europe, and their 
efforts finally yielded a harder and more practical product than 
that of the earlier and easier time. During the nature-conquest 
of a millennium and more, the ideals of the elder masters seemed 
lost in a survival of astrology and alchemy, a survival so well re¬ 
corded in growing literature as to simulate a revival; yet the 
'sense of the reality of things gained strength by exercise in the 
ceaseless contact with nature, while the oft-told magic was rele¬ 
gated to beldams and crones rather than reserved for rulers and 
high-priests as of old. The Renaissance revealed the influence of 
these centuries of nature-conquest and nation-planting which 
made the Europe of history; and its dawn showed that the seat 
of highest intellectual activity had slipped in the darkness from 
the sensuous shores of the eastern Mediterranean to the remote 
and rugged lands in which the world’s richest blood and ripest 
culture were blent and pent against northern seas. The closest 
concentration of human strength was in Britain; the uttermost 
goal of conquest, the last resting-place of the conquerors of con¬ 
querors, where Ca?sar might have wept for worlds, like Alexander 
long before; and here modern science began with Francis Bacon 
(1561-1626) as expounder. The Britannian Renaissance, coming 
so long after the Mediterranean Naissance, may be likened to the 
ripe-fruiting of a plant in autumn; for it followed the vernal blos¬ 
soming after a tedious interval of scarce-seen growth. 

With the Novum Organum of Bacon, the last vestige of magic 
and mysticism fell away from the body of real knowledge; for 
not only was the practicality of centuries summed in the new sys¬ 
tem, out its author saw more clearly than any predecessor the 
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relation between the thinker and his thought, between the human 
mind and the rest of nature — he perceived that “Man . . . 
does and understands as much as his observations on the order 
of nature . . . permit him, and neither knows nor is capable of 
more.” On this and kindred verities he built a foundation for all 
the sciences, for the unwittingly-wandering elders as well as for 
those yet unborn, even down to anthropology — though this 
part of the foundation lay unused for three centuries. Bacon’s 
influence on contemporary and later thought was steady, albeit 
slow-felt; for his school was a normal by-product of the making 
of Europe, and he was the exponent of principles themselves the 
product of the world’s most significant chapter in human develop¬ 
ment. True, the next epoch was opened by a son of southern shores 
and a devotee of the oldest science, when Galileo (1564-1602) saw 
the sun-centred order of the solar system; yet it was left to Eng¬ 
lish Newton (1642-1727) to shape the epoch and systematize all 
astronomy by a law of gravitation based on commonplace obser¬ 
vation, while the third epoch of modern science came with Linn6 
(1707-1778), like Bacon and Newton a product of the harsh north- 
land and an exponent of practical experience, who led conscious 
seeing down from the stars to the plants and animals of daily 
knowledge. Of all the world's thinkers Linn6 would seem second 
only to Bacon in originality, if that quality be measured by grasp 
of realities; and while his system was crude, especially in relation 
to animals, his gift of phytology (or botany) enriched knowledge 
and opened the way for the rest of the natural sciences. Linin'- 
the Swede was soon followed by Hutton the Scot (1720-1797), 
with a practical science of the rocks long contested l»v Werner 
the German (1750-1817), under a theory smacking of Alexandria 
and Athens; but the sturdy English quarryman, William Smith 
(1769-1839), successfully supported his northern neighbor until his 
countryman Lyell (1797-1875) came up to make geology a science. 
The influence of these sons of woodland and wold extended rapidly 
and widely, rooting readily in the fertile minds of their kinsmen, 
while the printing-press spread the stimulus of their work over all 
Europe and unified the knowledge of the nations. 

The next act attested the blending of the ancient and the mod¬ 
em, of Athenian and Anglian, of Aristotelian and Baconian, of 
the southern and the northern; and the scene was the middle 
ground of France. There Lavoisier (1743-1794) applied modern 
practicalness to chemistry, and discovered the indestructibility 
of matter; Lamarck (1744-1829) sought to amend the Linnean 
system, yet pushed too far in advance of observation (and his 
times) for full following; and the brothers Cuvier (1769-1838) so 
improved on Linn6 as to give form and substance to zoology, and 
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incidentally to presage anthropology. These movements led up 
to the distinctively nineteenth century stage, and a renewed 
pulse of British activity; Joule and others measured the mechan¬ 
ical equivalent of heat and experimentally demonstrated the per¬ 
sistence of motion, and so founded physics; by masterly observa¬ 
tion and comparison, Darwin defined the development of species 
(including man), thus infusing the blood of life into the Linnean 
system; Huxley and Tyndall simplified all science by establish¬ 
ing the uniformity of nature; and at last American scions of An¬ 
glian sires independently discovered through anthropologic obser¬ 
vation that the minds of all men of corresponding culture-grade 
respond similarly to similar stimuli, thereby proving the sound¬ 
ness and completeness of the Baconian foundation of knowledge. 
The four laws of nature established in western Europe — the In¬ 
destructibility of Matter, the Persistence of Motion, the Develop¬ 
ment of Species, and the Uniformity of Nature — are, in fact, 
complementary to the law forecast by Bacon and applied in Amer¬ 
ica three centuries later as the Responsivity of Mind; and the 
five laws are the cardinal principles of science. It is curious that, 
while Bacon's view of the mind as a faithful reflex of other nature 
colored and shaped the progress of science through the centuries 
(for how could Lavoisier, or Joule, or Darwin, or Huxley repose 
confidence in their observations without resting even greater con¬ 
fidence on the accuracy of the observing mechanism?), the Bacon¬ 
ian law lay in the background of thought without conscious ex¬ 
pression (despite daily subconscious use) from the dawn of the 
seventeenth century down to the last quarter of the nineteenth. 
How the law was neglected is the history of modern science read 
between lines; why it was neglected until the science of sentient 
man arose to rediscover it is a present problem for those anthropo¬ 
logists whose sympathies and interests cover the full field of human 
knowledge. 

Howsoever the three-century eclipse of Bacon’s fundamental 
law be interpreted, the history of science stands out sharp and 
clear when viewed in the light of anthropology. There were two 
great movements, the Naissance in the east-Mediterranean region, 
and the Renaissance, commonly credited to the Mediterranean 
countries, but really made in the North Sea region; each com¬ 
prised a long interval of accumulation of experience and a briefer 
time of formulation of knowledge; in each the formulated know¬ 
ledge faithfully expressed the habits and characters of leading 
thinkers of the times; and the modern movement reached the 
commonplace things of every-day life in such wise as to render 
science a devoted handmaid rather than a remoter ddesse, a means 
of welfare rather than an end of aspiration. The anthropologist 
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feels that the comprehensiveness of the ancient and the practical¬ 
ness of the modern unite in his science, which (despite the narrow 
definitions of earlier decades) is that of mind-controlled man, the 
dominant power of the visible world, the science-maker as well as 
the subject of science. 

Such are a few of the relations of anthropology to the sister 
sciences, a few of the ways in which the science of sentient man 
touches the sum of human knowledge; to catalogue all would be 
interminable. 

The Rise of Anthropology 

When the science of man grew up in the North Sea region, it 
was at first little more than a branch of zoology, and its makers 
busied themselves with features of the human frame corresponding 
to those of lower animals; comparative anatomy was cultivated 
with assiduity and profit, anthropometry flourished, and mankind 
were apportioned into races defined by color of skin, curl of hair, 
slant of eyes, shape of head, length of limb, and other structural 
characters — i. e., the methods and principles of zoology were 
projected into the realm of humanity. It was during this stage that 
homologies between human structures and those of lower animals 
were established in such wise as to convince attentive students 
that mankind must be reckoned as the ennobled progeny of lower 
ancestry; true, the conviction grew slowly against the instinctive 
antagonism of the investigators themselves and the less effective 
(though louder) protests of contemporaries, yet the growth was so 
sure that the question of the ascent of man is no longer a problem 
in anthropology. Meantime the masters — and here Huxley and 
Darwin must always rank — gave first thought to normal and 
typical organisms; their disciples followed the same commendable 
course, and as other lines of man-study opened they called their 
work physical anthropology. One of the collateral lines reverted 
to the abnormal (in which knowledge commonly begins) and re¬ 
curved toward the Mediterranean (where the influence of Alexan¬ 
dria and Athens still lingers), to mature in criminal anthropology — 
the science of abnormal man; another line led through prehistoric 
relics to archeology, and still another stretched out to the habits 
and customs of primitive peoples, and eventually to comparison of 
these with the usages and institutions of civilized life. The last of 
these lines was laid out in Britain largely by Tylor, and was pursued 
in Germany and other European countries as general anthropology, 
ethnography, anthropo-geography, etc. 

Even before this growth began, a development not unlike that 
accompanying the making of Europe (save that the progress was 
more rapid) was under way in America; for the pioneers not only 
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pushed out into their wilderness like their forbears of generations 
gone, but faced the novel experiment of life in contact with savage 
or barbaric tribes. To this new stimulus their vigorous minds re¬ 
sponded promptly; the daily experiences were quickly flocked on 
distaffs of thought, spun into threads of knowledge, and duly 
woven into a web of practical science — a fabric no less independ¬ 
ent in the making than that of Bacon in his day. Notable among 
the American pioneers was Albert Gallatin (1761-1849), statesman 
and scientist; he not only perceived, like his fellows, that the color 
and stature and head-shape of the savages were of trifling conse¬ 
quence in contrast with their actions and motives, but that the 
index to their real nature was to be found in what they habitually 
did; and he summed American experience up to his time in a pre¬ 
liminary classification of the native tribes on the basis of language. 
This advance marked an epoch in science no less important than 
that of Linn6; true, it was not minted at a stroke nor finished with¬ 
out aid from others, yet Gallatin was the coiner, and the rough- 
stamped system was history’s most memorable essay toward the 
scientific arrangement of mankind by what they do rather than 
what they merely arc. Later Morgan (1818-1881) extended practical 
observation to the institutions of the aborigines in such wise as to 
found inductive sociology; 1 and still later Brinton (1837-1899) 
made noteworthy advances toward classifying the Amerinds (i. e. t 
the native tribes) by their own crude philosophies, thus forecasting 
an inductive science now called sophiology. These advances seem 
simple and easy in the light of present knowledge, and may look 
small to present backsight, yet in originality of work and boldness 
of conception they rank with the advances of Linn6 and Lavoisier; 
and be it remembered that they were not borrowed in any part, but 
bought at cost of the sweat and blood of often tragic experience. 
The unprecedented practicalness of American anthropology is 
attested by the fact that, while Morgan and Brinton still wrought 
(in 1879), a governmental bureau was created to continue the classi¬ 
fication of the native tribes; and its direction was intrusted to 
Powell, a master able not merely to occupy but greatly to extend 
the foundation laid by Gallatin. Under this impetus the new science 
progressed apace; American students multiplied; observations 
spread afar; each discovery prepared the way for others, and the 
new principles opened to scientific view the entire field of the hu¬ 
manities— that field aforetime claimed on one side by scholastic 
and statist, and held on the other by devotees of poesy and romance. 
The growing knowledge bridged the seas, and the Powellian product 

1 Ti.'* speculative sociology of Auguste Comte (1798-1857) and the scmi-specu- 
I:» t iy» spirm of Herbert Spencer are to be noted merely us standing on somewhat 
distinct bases. 
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blent with that of Tylor (both profiting by the experiences of British 
India), and pushed on to several Continental centres during the last 
two decades of the nineteenth century. 

Toward the close of the old century, what may be called the 
kinetic and collective characters of humanity were brought out 
clearly, and the American aborigines (with other peoples as well) 
were defined by the activities , i. e. t by what they do, and this collect¬ 
ively— for in the realm of humanity no one lives to himself alone, 
but all are joined in twos and larger groups. Now it cannot be too 
strongly emphasized that the basis of this definition differs funda¬ 
mentally and absolutely from that of any other science; for all 
other entities — stars and planets, molecules and ions, minerals 
and rocks, plants and animals —are defined by what they are 
(perhaps measurably by the way in which they respond to external 
forces), while the humans are defined and classed by what they do 
spontaneously and voluntarily as self-moving and self-moved units 
or groups. Necessarily this view of humanity awakens inquiry as to 
why the human entity stands in a distinct class among the objects 
of nature; yet this is hardly a present problem, since the makers of 
modern anthropology find full answer in that unique nature-power 
lying behind the kinetic character of unit or group, viz.: mentality. 
So in the last analysis the modern definitions of mankind are prim¬ 
arily psychic; and it matters little whether men are classed by what 
they do or by what they think, save that doing is humanity’s largest 
heritage from lower ancestry, and hence precedes thinking; the 
essential point is that the practically scientific classification of man¬ 
kind must rest on a kinetic basis, i. e., on self-developed and self- 
regulated conduct. 

Of late the activities themselves are grouped as arts, industries, 
laws, languages, and philosophies, and each group constitutes tin* 
object-matter of a sub-science, thus giving form to esthetology, 
technology, sociology, philology, and sociology; and these 
(together called demonomy, or principles of peoples), with soma¬ 
tology and psychology, make up the field of fin-dc-saxlc anthropo¬ 
logy — the last two corresponding respectively with the physical 
anthropology of most European schools and the strictly inductive 
mind-science of current American schools, while the first two include 
archeology as their prehistoric aspects. These outlines and parti¬ 
tions of the groups are essential, although in actual interest they he 
beneath the full fruitage of the field, as a wire-hung skeleton lies 
below the sentient body athrob with vitality and athrill with con¬ 
sciousness of power over lower nature. This fruitage is too large 
and luxuriant for ready listing; it need now be noted only that, in 
the modern anthropology, sometimes styled the New Ethnology, 
the peoples of the world are not divided into races (save perhaps in 
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secondary and doubtful fashion) but grouped in culture-grades, 
and that these culture-grades are of special use and meaning, in 
that they correspond with the great stages of human progress from 
the lowly and unwritten prime to the brightness of humanity’s 
present. 

The culture-grades (and progress-stages) may be defined in terms 
of arts or of industries, of laws, of languages, or of philosophies, and 
the definitions will coincide so closely as to establish the soundness 
of the system, though it is customary to define them in terms primar¬ 
ily of law (or social organization) and secondarily of faith or philo¬ 
sophy. So defined, the grades (and stages) are: (1) Savagery, in 
which the social organization is based on kinship traced in the 
maternal line, while the beliefs are zootheistic; (2) Patriarchy, or 
Barbarism, in which the law is based on real or assumed kinship 
traced in the paternal line, and in which belief spreads into pan¬ 
theons including impressive nature-objects as well as beasts; (3) 
Civilization, in which the laws relate primarily to territorial and 
other proprietary rights, while the philosophies grow metaphysical 
and the beliefs spiritual; and (4) Enlightenment, in which the law 
rests on the right of the individual to life, liberty, and the pursuit of 
happiness, and in which the philosophy is scientific or rational, while 
the faiths grow personal and operate as moral forces. The peculiar 
excellencies of this classification lie in its simplicity, and in the fidel¬ 
ity with which it reflects the unique nature-power lying behind the 
kinetic character of the human entity, i. e., mentality; for, in the 
last analysis, the stages but portray and measure the normal growth 
of knowledge. Thereby the system sets milestones in the path of 
human progress, in numbers sufficient to outline its trend with satis¬ 
factory certainty; and it is especially notable that this trend is from 
the lower toward the higher with respect to every distinctively 
human attribute. 

So anthropology came up, chiefly on the western hemisphere 
and under the stimulus of unique and strenuous experiences; and 
so it has assumed form and substance and spread widely over the 
world during two decades past. Viewed from its own high plane, 
the growth of the science presents no puzzling problem; yet, since 
no mind leaps lightly from classification on a static basis (as in 
somatology and its parent zoology) to classification on a kinetic 
basis (as in demonomy), the modern aspects of the science are full 
of problems to some students. 

Problems oj Classification 

While the essential characters of mankind reside in mind-shaped 
activities, it remains true that the mental mechanism is planted in 
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a physical structure derived from lower ancestry by uncounted 
generations of development; and the problem as to the weight 
properly assignable to hereditary structural characters in classifying 
men and peoples remains, in many minds, a burning one. As an 
academic problem, this may be said to distinguish the new anthro¬ 
pology from the old, and to divide the anthropologists of the day 
into opposing schools, one chiefly American, the other chiefly Euro¬ 
pean; as a practical problem of applied science, it has already en¬ 
gaged the attention of the world’s leading statesmen (most of them 
approaching it empirically under the law that doing precedes think¬ 
ing), and, with such help as they have been able to secure from 
science, they have solved it to their satisfaction, and have declared 
in numberless constitutional and statutory provisions that red and 
black, if not yellow men, share with whites the potency (at least) of 
enlightened citizenship, and should be led and aided and educated 
toward that goal despite the handicap of heredity. Here the highest 
statecraft and the most advanced anthropology strike hands; the 
statesman argues from his own experience that lowly men may be 
raised up, and hence that it were heartless to strike them down; the 
scientist but sums more numerous observations when he traces the 
upward trend of humanity; and both stand firmly on the rock of 
experiential knowledge. True, practical questions involved in the 
general problem are constantly arising: Can the Apache at San 
Carlos best be led toward citizenship by penalties for misdeeds, by 
rewards for righteousness, or by a combination of the two? Does 
the hereditary structure of the Negrito of interior Luzon debar urn 
from hope of free citizenship, including that rectitude of conduct 
and nobility of impulse which free citizenship requires? Can the 
fcllahin of Egypt be lifted from the plane of subjection to despot.sin 
to that of intelligent loyalty as royal subjects? W ill the educational 
qualification in Maryland elevate the franchise? These are among the 
multifarious and ever-rising questions involved in the problem, and 
while the old anthropology stands aloof, they are receiving ycai v 
solution at the hands of modern science and modern statecraft. 
Fortunately this present problem of anthropology is no less practical 
than were those confronting pioneer Puritans and Caval.c.s m an 
earlier century, and like those it must be wrought out through living 
experience; still more fortunately, the chief factors in the problem 
are now grasped by students taught in the severe school of the 
settlers-grasped so firmly that little remains undone save the 
bringing-up of loiterers who linger in the haze of half-knowledge and 
hearken idly to bookish echoes of simpler science. 

Connected with this problem is another no less burning: Does the 
mental mechanism of mankind react on physical structure in such 
wise as to control the development of individuals and types. As an 
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academic problem this is well-nigh lost in the dust of ill-aimed dis¬ 
cussion (relating to the hereditability of acquired characters and 
a dozen other points) which it were indiscreet to stir; yet half an 
eye can see that, whatsoever pedagogues proclaim, the pupils are 
building bone and muscle, increasing strength and stature, and 
manifestly promoting brain-power and prolonging life by judicious 
regimen. As a practical problem this might be passed over, since 
the world's leading millions are so well advanced in doing that think¬ 
ing may be trusted to follow duly (perchance soon enough to let the 
masters learn the lessons their pupils live), were it not for the ever- 
rising ancillary questions as to rate and trend of the progress. Thus, 
mean length of life, or viability, is increasing, especially among more 
advanced peoples, who live longer in proportion to their advance¬ 
ment; yet, although Mansfield Merrim&n computed a few years ago 
that the median age of Americans has gone up five years since 1850, 
while the Twelfth Census reports that our mean age of death ad¬ 
vanced from 31.1 years to 35.2 years in a decade, it cannot be said 
that the rate of increase is known; and still less are the factors of 
increase (saving of infants, improved sanitation, bettered hygiene, 
shortened hours and intensified stress of labor, enhanced enjoyment 
of life, and all the rest) susceptible of statement in terms of definite 
quantity. The various questions of viability (than which no inquiries 
mean more to living men) are not to be answered through actu¬ 
aries’ tables based on selected classes, valuable and suggestive as 
these tables are; they must be answered through health offices and 
census bureaus — and their pressing .importance forms one of the 
strongest arguments in support of permanent census bureaus in 
this and other countries. Thus, again, human strength is increasing, 
as suggested by the superior vigor and endurance found among 
advanced peoples and rising generations, and shown definitely by 
the constant breaking of athletic records; yet, while it is most 
significant that record-breaking progresses at an increasingly rapid 
rate (i. e., more records are broken during each decade than during 
the last), the rate of increase remains problematic. Similarly, that 
measure of faculty expressed in coordination of mind and body is 
increasing, as shown by the ever-growing and never-failing ability 
of engineers, mechanicians, builders, electricians, and other special¬ 
ists to master and command the strength-trying devices of modern 
times — locomotive and marine engine, dynamo and steam hammer, 
range-finder and machine-gun, and all the rest; yet both the rate 
and the factors of increase in human faculty remain in the realm 
of the unmeasured. These are but sample questions ancillary to the 
practical problem as to the reaction of function on structure; they 
merely suggest ways in which mind born of body in humanitv’s 
prime is rising into dominion over fleshly organ and constitution's 
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well as over subhuman nature — and these ways remain for the 
future to trace. 

A related problem, although minor in itself, has recently risen 
into prominence through the impetus of importation oversea; it 
is that of “degeneracy.” The observational data for the idea of 
human retrogression are apparently voluminous (though seen to be 
mainly of opposite meaning in the light of modern human know¬ 
ledge) and the notion is by no means new; but the ratiocinative 
basis of the recent fad is obviously chaotic, e. g., in that an indi¬ 
vidual is classed as “degenerate” by reason of the inheritance of 
ancestral characters, or, in other words, because he is no better 
than his sire or grandsire. True, if normal man is rising to suc¬ 
cessively higher planes of physical and mental perfection through 
constructive exercise, as modern anthropology so clearly indi¬ 
cates, the unfortunate who is no better than his ancestry is indeed 
below his proper place in the scheme of humanity though not 
degenerate, but merely unregenerate (in non-ecclesiastical sense). 
It is also true that maleficent exercise may produce cumulative 
and apparently aberrant effects, just as docs the beneficent exer¬ 
cise normal to mankind, the one yielding Nero and Billy the Kid 
as the other Shakespeare and Bacon (twin luminaries of intel¬ 
lectual history); but its end is destruction, with the consequent 
elimination of the criminal, while its middle merely marks lower 
layers in the constantly ascending stream of humanity. Natu¬ 
rally a theme filling tomes and flooding lighter literature for years 
is too large for full analysis in a paragraph; it must suffice to note 
that the “degeneracy” of the day was not unfitly characterized 
even so early as when aphorism foreran writing, and the proverb 
beginning “Put a beggar on horseback” gained currency. The 
great facts are (1) that less vigorous individuals fall short of the 
mean progress of their fellows in such wise as to get out of harmony 
with the institutions framed by their leaders, and (2) that less 
vigorous peoples fall behind contemporary lawmakers in such 
wise that their institutions are inferior to those of progressive na¬ 
tions; while under the conditions of modern life laggards and 
leaders commingle so freely that the differences arc emphasized 
and kept in mind. Nor are these differences slight or meaning¬ 
less; they touch the very fiber of living and being so deeply that 
primal savages cannot share the thought of those in any higher 
culture-stage, that barbaric serf and despot are wholly alien to 
subjects and citizens, and that subjects are out of place among 
citizens. So every advanced nation has its quota of aliens through 
foreign or ill-starred birth and defective culture, who can be lifted 
to the level of its institutions only through a regeneration extend¬ 
ing to both body and mind, both work and thought — they are 
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the mental and moral beggars of the community, who may not be 
trusted on horseback but only in the rear seat of the wagon. In 
truth, standards are rising so rapidly that the lower half find it 
hard to keep up. 

In one aspect the problem of the unregenerate is ever pressing, 
since knowledge is not yet a birthright (save in the promising 
germ of instinct) among human scions of lower ancestry; but 
even in this aspect a progressive solution is wrought with ever- 
increasing success through public education. The most serious 
side of the problem arises in the immigration or upgrowth of the 
unfit, who sometimes ferment in the unwholesome leaven of anarchy 
before education has time for perfect work; and this danger cries 
out for public action through the blood of both presidential and 
monarchical martyrs to public duty. The morbid view imported by 
Nordau and his ilk demands little American notice, however large 
the problem in Europe; for under the stimulus of that personal 
freedom which is the essence of enlightenment, normal exercise 
of mind and body springs spontaneously, while hereditary disease, 
constitutional taint, idiocy, unhealthy diathesis, and all manner of 
transmissible abnormalities tend to wear themselves out, as our vital 
statistics sufficiently show. 

These are a few of the present problems of anthropology in¬ 
volved in classifications growing out of the dual nature of man¬ 
kind — the physical nature inherited from lowly ancestry, and the 
mental nature (in all its protean aspects) built up through exer¬ 
cise during uncounted generations of functional development. They 
may seem irrelevant to that earlier anthropology which is content 
to define mankind by skulls of the dead; but they illustrate the 
living importance of that modern science which defines mankind 
by actions and thoughts, movements and motives. 

Meaning of Aclivital Coincidences 

About 1875 archeologists, and after them students of primitive 
folk still living, became impressed with certain similarities among 
industrial and symbolic devices of remote regions. One of the 
widespread devices is the arrow; used commonly with the bow, 
sometimes with the atlatl, or throwing-stick, and again as a dart 
projected by the hand alone, it has been found on every continent 
and in nearly every primitive tribe. Another is a quadrate or cruci¬ 
form symbol; either in the form of a simple cross or in that of 
the cross with supplementary arms known as the sivastika or fyl¬ 
fot , these symbols are common to Europe, Asia, Africa, both Amer¬ 
icas, and numerous islands, though they have not been found in 
Australasia. At the outset such devices were accepted as links in 
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a chain of supposititious relationships, and as suggestions of com¬ 
mon origin of both devices and devisers; but as observations 
multiplied, the hypothetic chain broke beneath its own weight, 
for the few similarities were gainsaid and far outweighed by num¬ 
berless dissimilarities of a sort manifestly attesting independent 
development. About 1880 Powell summarized the observed re¬ 
semblances and differences among devices, and showed that the 
former are to be regarded as coincidences due to the tendency 
of the human mind to respond to contact with external nature 
in a uniform way. A dozen years later Brinton re-summed the 
growing data and corroborated the Powellian conclusion; and on 
extending the inquiry to institutions, forms of expression, and types 
of opinion and belief (in which the coincidences are even more 
striking than in the material devices), he formulated a theory of 
“the unity of the human mind,” in which he saw a suggestion 
that the mind was extraneous in origin, t. e., impressed on man¬ 
kind from without, — a view not unlike that long maintained bv 
Alfred Russell Wallace. With the setting of the old century and 
the dawn of the new, the ever-multiplying facts were again re¬ 
viewed, and the earlier generalizations were again sustained, but 
found to tell less than the whole story; for it was discovered that, 
while minds of corresponding culture-grade commonly respond simi¬ 
larly to like stimuli, minds of other grades frequently respond 
differently —- as when the savage eviscerates an enemy and de¬ 
vours his heart as food for courage, or the barbarian immolates 
a widow on the bier of her spouse, or the budding Christian lends 
himself to the tortures of the Inquisition, each reveling in his own 
righteousness and reprobating all the rest, though all are alike 
ghastly and obnoxious to enlightened thought. The new gencial- 
ization rendered it easy to define the limits within which tlie re¬ 
sponses of different minds to similar impressions may be expected 
to coincide; thereby it cleared away many of the anomalies and 
apparent incongruities among the observed facts, thus strength¬ 
ening the law of activital coincidences as first propounded. The 
introduction of a limiting term also rendered the law more spe¬ 
cific; so that the sum of knowledge concerning the relations be¬ 
tween mind and external nature may now be expressed in the 
proposition: Minds of corresponding culture-grades commonly re¬ 
spond similarly to like stimuli. By far the most important effect 
of the new generalization was the inevitable recognition of a cumu¬ 
lative mind-growth in passing from savagery to barbarism, thence 
to civilization, and on to enlightenment; for, in the first place, 
this recognition afforded a key to - indeed, a full explanation of 
-the sequence of the culture-grades, while, in the second place, 
it showed forth the course of the world’s mental development as 
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a growth no less natural than that of tree or shrub, originating 
within, conditioned by external environment, and not derived 
from any extraneous source. Thus the generalization in 1900 of a 
quarter-century's observations on mankind brought empirical know¬ 
ledge to the theoretical plane so masterfully projected by Bacon 
three centuries before — for he it was who first grasped the great 
concept that min d is at once product and mirror of other nature. 

Is the Baconian foundation for all science sound; is the most 
sweeping generalization of anthropology safe? This problem — 
for the two questions are but one — is the most important pre¬ 
sented by the science of man, indeed, by all science; for it threads 
the whole web of human knowledge, touches every human thought, 
tinctures every human hope, tinges every human motive. True, 
it is too large for easy apprehension, too round for ready grasp; 
but it spans the world’s intellectual structure from corner-stone 
to dome, and must sooner or later be wrought out personally (as 
are all problems in the end) by every rational being. 

Problems of Distribution 

Anthropology arose in Britain as a branch of biology fertilized by 
the doctrine of organic evolution; it grew up in a field of thought 
dominated by a tradition of human descent from a single pair and 
shaped by the habit of tracing nearer ancestry to the worthier 
sires in otherwise neglected’ lineage, and the coincidence of the 
doctrine of differentiation with revered tradition and honorable 
regard for honored sires led naturally to an assumption of mono¬ 
genesis. The assumption spread and pervaded the writings and 
teachings of anthropologists trained in the biologic school; it still 
prevails, and is still supported by the argument from biology, 
though Keane and others have balked at the corollary that wavy- 
haired White, kinky-haired Black, straight-haired Red, and va¬ 
riable-haired Brown nestled in the same womb and sucked at the 
same breast. It is needful to note that the assumption, albeit per¬ 
fectly “natural,” is purely gratuitous, and that it is not sustained 
by a single fact in anthropology as a science of observed and ob¬ 
servable actualities: the Blacks are not growing blacker, the Reds 
are not blushing redder, no new races are arising, no old types are 
increasing in diversity; Graham Bell’s note of warning against 
the danger of a deaf race advertised a solitary definite suggestion 
of the formation of a new human type, though even this seems to 
weaken with the lapse of time; indeed, it cannot be two strongly 
emphasized that, howsoever besetting and enticing the hypothesis 
of differentiation or diversification of Homo sapiens may be, it is 
absolutely without direct observational basis. 
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When practical anthropology arose in America, it was seen by 
Gallatin and Morgan and other pioneers that languages and social 
usages tend to spread among contiguous tribes; and as Indian 
students advanced, it was perceived that the tendency toward 
activital interchange extended also to arts and industries and 
myths, and had, indeed, resulted in the development of powerful 
federations (somewhat miscalled “nations”), such as the Iroquois 
League and the Dakota Confederacy. Meantime it was observed 
that the spontaneous interchange of words and weapons, usages 
and utensils, with contiguous tribes was sooner or later accom¬ 
panied by intermarriage, so that blood and culture blent at once. 
Of course this observation merely reflected the unwitting experi¬ 
ence of every generation among every people in every land; but, 
made as it was under the stress of practical problems of polity 
and peace, it awakened consciousness — and the law of convergent 
development among mankind was grasped. Once realized, the 
law was found of wide application; it was perceived that black 
folk are not growing blacker, nor brown men browner, nor red 
tribesmen redder, because (among other reasons) some interchange 
of culture and blood begins with first contact and increases with 
time, until at least some of the leaven of the highest humanity 
pervades the lump, while the ideals and standards of all progress 
toward unity; it was perceived that the types of Homo sapiens 
(t. e. t the “races” of mankind) are not differentiating, because of 
that irresistible mimetic impulse which is the mainspring of eleva¬ 
tion, especially among the lower and measurably among the higher; 
it was perceived that culture is fertilized by contact with other 
culture more effectively than in any other fashion; and it was 
perceived that when the initial differences are not too great, blood 
fertilizes blood in such wise that the vigor of a people may be meas¬ 
ured by the complexity of their interwoven strains — that Briton 
yesterday and American to-day led and still lead the world because 
the blood of each streamed up from a more varied group of vigor¬ 
ous sires than that of any earlier scion. The themes of culture- 
union and blood-blending are too broad and deep for treatment 
in a paragraph; yet it must be affirmed, with an emphasis which 
can hardly be made too strong, that these are the dominant fac¬ 
tors of human development, and that this development, so lar as 
actually observed, is always convergent, never divergent. 

J'low it is a logical corollary of the law of convergent develop¬ 
ment that mankind were originally more diverse than now, and 
hence that there must have been several loci, or centres, of human 
origin; and this corollary leads to a theory of polygenesis, which 
has been much discussed during a decade or two. Some of the 
polygenesists, like Keane, are content with four original stocks, 
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corresponding respectively to the white, black, brown, and yellow 
“races” of mankind fleaving the red man, or Amerind, to be in¬ 
terpreted perhaps as a migrated branch of the brown stock); others, 
like Powell, find it easier to think of an indefinitely large number 
of initial stocks and centres of development from a hypothetic 
prototype to the “human form divine" —a prototype represented 
perhaps in a particular place by the famous fossil from Java, the 
Pithecanthropos erectus of Dubois. The alternative hypothesis is 
that of the monogenesis assumed in the early days of man-science; 
and the choice —or adjustment — between these opposing views 
is one of the most prominent among the present problems of an¬ 
thropology. The great facts are (1) that all known lines of human 
development are convergent forward, and hence divergent back¬ 
ward, and (2) that all well-known lines of biotic (i. e., subhuman) 
development are divergent forward; how these incongruous lines 
are to be united across the dark chasm of that unknown time when 
man became man, remains a question only made larger thus far 
by each advance of knowledge. 

The Problem of Humanization 

To the comparative anatomist the gap between simian structure 
and human structure was of little note, even before it was divided 
by the Dubois discovery in Java; for the differences between higher 
apes and lower men are less than those between either (1) lower and 
higher apes, or (2) lower and higher men. Yet to the sympathetic 
student of mankind, these dead homologies are but unsatisfying 
husks; the great fact remains that even the lowest savage known 
to experience is human — man — in attitude, mien, habits, and 
intelligence, while even the highest apes are but bristly beasts. It 
were bootless to deny or decry the chasm separating the always 
human biped from the always beastly quadrumane, since it is the 
broadest in the entire realm of nature as seen by those who appre¬ 
ciate humanity in its fullness. How the chasm was crossed, either 
in the one place and time required by monogenesis, or in the many 
places and times demanded by polygenesis, is a question of such 
moment as to rank among the great problems of anthropology until 
(if ever) the solution is wrought. A tentative solution has indeed 
been suggested in the modified form of mating which must have 
attended the assumption of the erect attitude; 1 yet final solution 
awa’.'.s the future. 

1 The Trend of Human Progress, American Anthropologist, vol. x, p. 418, 1899. 
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The Problem oj Human Antiquity 

So long as the assumption of monogenesis prevailed, the question 
of the antiquity of man loomed large in the minds of students, while 
even under the hypothesis of polygenesis the date (geological or 
historical) of advent of the earliest man is of no small interest. So 
the discussion of human antiquity has grown into dozens of full 
volumes, hundreds of chapters, and thousands of special papers, 
not to include the tens of thousands of ill-recorded scientific utter¬ 
ances and literal millions of press items. This vast literature is not 
easily summed; it must suffice to say that the evidence seems to 
establish the existence of man in Asia and Europe and northern 
Africa during later Tertiary times, and thus before the glacial 
periods of the Pleistocene; but that the earliest Americans lagged 
behind, coming in probably before all the ice-periods closed, possibly 
nearer the earlier than the latest. Despite the wealth of literature, 
there is a woeful dearth of definite knowledge concerning the date 
or dates of man’s appearance in different lands; and herein lies 
another of the present problems of anthropology. 

Such arc some of the larger problems of anthropology, that 
youngest science whose field touches those of all the rest. The 
smaller problems are legion; those of general sort are at once pro¬ 
blems of science and of statecraft, of the daily life and welfare of 
millions, of greatest good to the greatest number. Fortunately all 
are such as to be solved by the slow but sure processes of observa¬ 
tion and generalization; and it is especially pleasing to see —and 
to say — that these scientific processes are more steadily and suc¬ 
cessfully under way now than ever before. 


» 
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I have been asked to speak on the history of anthropology. The 
task that has been allotted to me is so vast, and the time at my 
disposal is so short, that it will be impossible to do justice to the 
work of the minds that have made anthropology what it is. It would 
even be futile to characterize the work of the greatest among the con¬ 
tributors to our science. All that I can undertake to do is to discuss 
the general conditions of scientific thought that have given rise to 
anthropology. 

Viewing my task from this standpoint, you will pardon me if I do 
not first uttempt to define what anthropology ought to be, and with 
what subjects it ought to deal, but take my cue rather from what it 
is and how it has developed. 

Before I enter into my subject, I will say that the speculative 
anthropology of the eighteenth and of the early part of the nine¬ 
teenth century is distinct in its scope and method from the science 
which is called “ anthropology ” at the present time, and is not 
included in our discussion. 

At the present time, anthropologists occupy themselves with pro¬ 
blems relating to the physical and mental life of mankind as found 
in varying forms of society, from the earliest times up to the present 
period, and in all parts of the world. Their researches bear upon the 
form and functions of the body as well as upon all kinds of manifest¬ 
ations of mental life. Accordingly, the subject-matter of anthropo¬ 
logy is partly a branch of biology, partly a branch of the mental 
sciences. Among the mental phenomena, language, invention, art, 
religion, social organization, and law have received particular atten¬ 
tion. Among anthropologists of our time we find a considerable 
amount of specialization of the subject-matter of their researches 
according to the divisions here given. 

As in other sciences whose subject-matter is the actual distribution 
of phenomena and their causal relation, we find in anthropology 
two distinct methods of research and aims of investigation: the 
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one, the historical method, which endeavors to reconstruct the 
actual history of mankind; the other, the generalizing method, 
which attempts to establish the laws of its development. According 
to the personal inclination of the investigator, the one or the other 
method prevails in his researches. A considerable amount of geo¬ 
graphical and historical specialization has also taken place among 
what may be called the “ historical school of anthropologists.” Some 
devote their energies to the elucidation of the earliest history of 
mankind, while others study the inhabitants of remote regions, and 
still others the survivals of early times that persist in our midst. 

The conditions thus outlined are the result of a long develop¬ 
ment, the beginnings of which during the second half of the eight- 
e’enth century may be clearly observed. The interest in the cus¬ 
toms and appearance of the inhabitants of distant lands is, of 
course, much older. The descriptions of Herodotus show, that 
even among the nations of antiquity, notwithstanding their self- 
centred civilization, this interest was not lacking. The travelers 
of the Middle Ages excited the curiosity of their contemporaries 
by the recital of their experiences. The literature of the Spanish 
conquest of America is replete with remarks on the customs of the 
natives of the New World. But there is hardly any indication of 
the thought that these observations might be made the subject 
of scientific treatment. They were and remained curiosities. It 
was only when their relation to our own civilization became the 
subject of inquiry that the foundations of anthropology were laid. 
Its germs may be discovered in the early considerations of theo- 
logists regarding the relations between Pagan religions and the 
revelations of Christianity. They were led to the conclusion that 
the lower forms of culture, more particularly of religion, were due 
to degeneration, to a falling-away from the revealed truth, of which 
traces are to be found in primitive beliefs. 

During the second half of the eighteenth century wo find the 
fundamental concept of anthropology well formulated by the ra¬ 
tionalists who preceded the French Revolution. 'Ihe deep-seated 
feeling that political and social inequality was the result of a faulty 
development of civilization, and that originally all men were born 
equal, led Rousseau to the naive assumption of an ideal natural 
state which we ought to try to regain. These ideas were shared 
by many, and the relation of the culture of primitive man to our 
civilization remained the topic of discussion. To this period belong 
Herder’s Ideen zur Geschichte der Mcnschheit, in which, perhaps 
for the first time, the fundamental thought of the development 
of the culture of mankind as a whole is clearly expressed. 

About this time, Cook made his memorable voyages, and the 
culture of the tribes of the Pacific Islands became first known to 
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Europe. His observations and the descriptions of Forster were 
eagerly taken up by students, and were extensively used in sup¬ 
port of their theories. Nevertheless, even the best attempts of this 
period were essentially speculative and deductive, for the rigid 
inductive method had hardly begun to be understood in the domain 
of natural sciences, much less in that of the mental sciences. 

While, on the whole, the study of the mental life of mankind 
had in its beginning a decidedly historical character, and while 
knowledge of the evolution of civilization was recognized as its 
ultimate aim, the biological side of anthropology developed in an 
entirely different manner. It owes its origin to the great zoologists 
of the eighteenth century; and in conformity with the general 
systematic tendencies of the times, the main efforts were directed 
towards a classification of the races of man and to the discovery of 
valid characteristics by means of which the races could be described 
as varieties of one species, or as distinct species. The attempts at class¬ 
ification were numerous, but no new point of view was developed. 

During the nineteenth century a certain approach between 
these two directions was made, which may be exemplified by the 
work of Klemm. The classificatory aspect was combined with the 
historical one, and the leading discussion related to the discovery 
of mental differences between the zoological varieties or races of 
men, and to the question of polygenism and monogenism. The pas¬ 
sions that were aroused by the practical and ethical aspects of the 
slavery question did much to concentrate attention on this phase 
of the anthropological problem. 

As stated before, most of the data of anthropology had been 
collected by travelers whose prime object was geographical dis¬ 
coveries. For this reason the collected material soon demanded 
the attention of geographers, who viewed it from a new stand¬ 
point. To them the relations between man and nature were of 
prime importance, and their attention was directed less to psycho¬ 
logical questions than to those relating to the dependence of the 
form of culture upon geographical surroundings, and the control of 
natural conditions gained by man with the advance of civilization. 

Thus we find about the middle of the nineteenth century the 
beginnings of anthropology laid from three distinct points of view: 
the historical, the classificatory, and the geographical. About this 
time the historical aspect of the phenomena of nature took hold 
of the minds of investigators in the whole domain of science. Be¬ 
ginning with biology, and principally through Darwin’s powerful 
influence, it gradually revolutionized the whole method of natural 
and mental science, and led to a new formulation of their problems. 
The idea that the phenomena of the present have developed from 
previous forms with which they are genetically connected, and 
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which determine them, shook the foundations of the old princi¬ 
ples of classification, and knit together groups of facts that hitherto 
had seemed disconnected. Once clearly enunciated, the historical 
view of the natural sciences proved irresistible, and the old pro¬ 
blems faded away before the new attempts to discover the history 
of evolution. From the very beginning there has been a strong 
tendency to combine with the historical aspect a subjective valua¬ 
tion of the various phases of development, the present serving as 
a standard of comparison. The oft-observed change from simple 
forms to more complex forms, from uniformity to diversity, was 
interpreted as a change from the less valuable to the more valuable 
and thus the historical view assumed in many cases an ill-concealed 
teleological tinge. The grand picture of nature in which for the 
first time the universe appears as a unit of ever-changing form and 
color, each momentary aspect being determined by the past moment 
and determining the coming changes, is still obscured by a sub¬ 
jective element, emotional in its sources, which leads us to ascribe 
the highest value to that which is near and dear to us. 

The new historical view also came into conflict with the gen¬ 
eralizing method of science. It was imposed upon that older view 
of nature in which the discovery of general laws was considered 
the ultimate aim of investigation. According to this view, laws 
may be exemplified by individual events, which, however, lose 
their specific interest once the laws are discovered. The actual 
event possesses no scientific value in itself, but only so far as it 
leads to the discovery of a general law. This view is, of course, 
fundamentally opposed to the purely historical view. Here the 
laws of nature are recognized in each individual event, and the 
chief interest centres in the event as an incident of the picture ot 
the world. In a way the historic view contains a strong aesthetic 
element, which finds its satisfaction in the clear conception of the 
individual event. It is easily intelligible that the combination of 
these two standpoints led to the subordination of the histo ica 
fact under the concept of the law of nature. Indeed ue find all 
the sciences Vhich took up the historical standpoint for the first 
time soon engaged in endeavors to discover the laws accoiding 
to which evolution has taken place. The regularity in the processes 
of evolution became the centre of attraction even before the pro¬ 
cesses of evolution had been observed and understood. All sciences 
were equally guilty of premature theories of evolution based on 
observed homologies and supposed similarities. The theories had 
to be revised again and again, as the slow progress of empirical 
knowledge of the data of evolution proved their fallacy. . 

Anthropology also felt the quickening impulse of the histone 
point of view, and its development followed the same lines that 
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may be observed in the history of the other sciences. The unity 
of civilization and of primitive culture that had been divined by 
Herder now shone forth as a certainty. The multiplicity and di¬ 
versity of curious customs and beliefs appeared as early steps in 
the evolution of civilization from simple forms of culture. The 
striking similarity between the customs of remote districts was 
the proof of the uniform manner in which civilization had devel¬ 
oped the world over. The laws according to which this uniform 
development of culture took place became the new problem which 
engrossed the attention of anthropologists. 

This is the source from which sprang the ambitious system of 
Herbert Spencer and the ingenious theories of Edward Burnett 
Tylor. The underlying thought of the numerous attempts, to 
systematize the whole range of social phenomena, or one or the 
other of its features, — such as religious belief, social organization, 
forms of marriage, — has been the belief that one definite system 
can be found according to which all culture has developed; that 
there is one type of evolution from a primitive form to the highest 
civilization, which is applicable to the whole of mankind; that, not¬ 
withstanding many variations caused by local and historical con¬ 
ditions, the general type of evolution is the same everywhere. 

This theory has been discussed most clearly by Tylor, who finds 
proof for it in the sameness of customs and beliefs the world over. 
The typical similarity and the occurrence of certain customs in 
definite combinations are explained by him as due to their belong¬ 
ing to a certain stage in the development of civilization. They 
do not disappear suddenly, but persist for a time in the form of 
survivals. These are, therefore, wherever they oecur, a proof that 
a lower stage of culture, of which these customs are characteristic, 
has been passed through. 

Anthropology owes its very existence to the stimulus given by 
these scholars and to the conclusions reached by them. What had 
been a chaos of facts appeared now marshaled in orderly array, 
and the great steps in the slow advance from savagery to civiliza¬ 
tion were drawn for the first time with a firm hand. * We cannot 
overestimate the influence of the bold generalizations made by 
these pioneers of modern anthropology. They applied with vigor 
and unswerving courage the new principles of historical evolution 
to all the phenomena of civilized life, and in doing so sowed the 
seeds of the anthropological spirit in the minds of historians and 
philosophers. Anthropology, which was hardly beginning to be a 
science, ceased at the same time to lose its character of being a sin¬ 
gle science, but became a method applicable to all the mental sci¬ 
ences, and indispensable to all of them. We are still in the midst' 
of this development. The sciences first to feel the influence of an- 
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thropological thought were those of law and religion. But it was 
not long before ethics, esthetics, literature, and philosophy in gen¬ 
eral were led to accept the evolutionary standpoint in the particu¬ 
lar form given to it by the early anthropologists. 

The generalized view of the evolution of culture in all its dif¬ 
ferent phases, which is the final result of this method, may be sub¬ 
jected to a further analysis regarding the psychic causes which 
bring about the regular sequence of the stages of culture. Owing 
to the abstract form of the results, this analysis must be deduc¬ 
tive. It cannot be an induction from empirical psychological data. 
In this fact lies one of the weaknesses of the method which led a 
number of anthropologists to a somewhat different statement of 
the problem. 1 mention here particularly Adolf Bastian and Georg 
Gerland. Both were impressed by the sameness of the fundamen¬ 
tal traits of culture the world over. Bastian saw in their same¬ 
ness an effect of the sameness of the human mind, and terms 
these fundamental traits Elementargedanken, declining all further 
consideration of their origin, since an inductive treatment of this 
problem is impossible. For him the essential problem of anthro¬ 
pology is the discovery of the elementary ideas, and, in further 
pursuit of the inquiry, their modification under the influence of 
geographical environment. Gerland’s views agree with those of 
Bastian in the emphasis laid upon the influence of geographical 
environment on the forms of culture. In place of the mystic ele¬ 
mentary idea of Bastian, Gerland assumes that the elements found 
in many remote parts of the world are a common inheritance from 
an early stage of cultural development. It will be seen that in both 
these views the system of evolution plays a secondary part only, 
and that the main stress is laid on the causes which bring about 
modifications of the fundamental and identical traits. There is a 
close connection between this direction of anthropology and the 
old geographical school. Here the psychic and environmental 
relations remain amenable to inductive treatment, while, on the 
other hand, the fundamental hypotheses exclude the origin of 
the common traits from further investigation. 

The subjective valuation which is characteristic of most evolu¬ 
tionary system was from the very beginning part and parcel of 
evolutionary anthropology. It is but natural that, in the study of 
the history of culture, our own civilization should become the stand¬ 
ard, that the achievements of other times and other races should 
be measured by our own achievements. In no case is it more 
difficult to lay aside the Cvlturbrille — to use von den Steinen’s 
apt term — than in viewing our own culture. For this reason the 
literature of anthropology abounds in attempts to define a num¬ 
ber of stages of culture leading from simple forms to the present 
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civilization, from savagery through barbarism to civilization, or from 
an assumed pre-savagery through the same stages to enlightenment. 

The endeavor to establish a schematic line of evolution naturally 
led back to new attempts at classification, in which each group 
bears a genetic relation to the other. Such attempts have been 
made from both the cultural and the biological point of view. 

It is necessary to speak here of one line of anthropological re¬ 
search that we have hitherto disregarded. I mean the linguistic 
method. The origin of language was one of the much-discussed 
problems of the nineteenth century, and, owing to its relation to 
the development of culture, it has a direct anthropological bear¬ 
ing. The intimate ties between language and ethnic psychology 
were expressed by no one more clearly than by Steinthal, who 
perceived that the form of thought is molded by the whole social 
environment of which language is part. Owing to the rapid change 
of language, the historical treatment of the linguistic problem had 
developed long before the historic aspect of the natural sciences 
was understood. The genetic relationship of languages was clearly 
recognized when the genetic relationship of species was hardly 
thought of. With the increasing knowledge of languages, they 
were grouped according to common descent, and, when no further 
relationship could be proved, a classification according to mor¬ 
phology was attempted. To the linguist, whose whole attention 
is directed to the study of the expression of thought by language, 
language is the individuality of a people, and therefore a classi¬ 
fication of languages must present itself to him as a classification 
of peoples. No other manifestation of the mental life of man can 
be classified so minutely and definitely as language. In none are 
the genetic relations more clearly established. It is only when no 
further genetic and morphological relationship can be found, that 
the linguist is compelled to coordinate languages and can give no 
further clue regarding their relationship and origin. No wonder, 
then, that this method was used to classify mankind, although 
in reality the linguist classified only languages. The result of the 
classification seems eminently satisfactory on account of its de¬ 
finiteness as compared with the result of biological and cultural 
classifications. 

Meanwhile the methodical resources of biological or somatic 
anthropology had also developed, and had enabled the. investi¬ 
gator to make nicer distinctions between human types than he 
had been able to make. The landmark in the development of this 
branch of anthropology has been the introduction of the metric 
method, which owes its first strong development to Quetelet. A 
little later we shall have to refer to this subject again. For the 
present it may suffice to say that a clearer definition of the terms 
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“type” and “variability” led to the application of the statistical 
method, by means of which comparatively slight varieties can be 
distinguished satisfactorily. By the application of this, method, it 
soon became apparent that the races of man could be subdivided 
into types which were characteristic of definite geographical areas 
and of the people inhabiting them. The same misinterpretation 
developed here as was found among the linguists. As they identi¬ 
fied language and people, so the anatomists identified somatic type 
and people, and based their classification of peoples wholly on their 
somatic characters. 

The two principles were soon found to clash. Peoples genetically 
connected by language, or even the same in language, were found 
to be diverse in type, and peoplo of the same type proved to be 
diverse in language. Furthermore, the results of classifications 
according to cultural groups disagreed with both the linguistic and 
the somatic classifications. In long and bitter controversies the 
representatives of these three directions of anthropological research 
contended for the correctness of their conclusions. This war of 
opinions was fought out particularly on the ground of the so-called 
Aryan question, and only gradually did the fact come to be under¬ 
stood that each of these classifications is the reflection of a certain 
group of facts. The linguistic classification records the historical 
fates of languages and indirectly of the people speaking these lan¬ 
guages; the somatic classification records the blood relationships of 
groups of people, and thus traces another phase of their history; 
while the cultural classification records historical events of still 
another character, the diffusion of culture from one people to anot her 
and the absorption of one culture by another. Thus it became clear 
that the attempted classifications were expressions of historical data 
bearing upon the unwritten history of races and peoples, and recorded 
their descent, mixture of blood, changes of language, and develop¬ 
ment of culture. Attempts at generalized classifications based on 
these methods can claim validity only for that group of phenomena 
to which the method applies. An agreement of their results — that 
is, original association between somatic type, language, and culture 
— must not be expected. Thus the historical view of anthropology 
received support from the struggles between these three methods of 
classification. 

We remarked before that the evolutionary method was based 
essentially on the observation of the sameness of cultural traits 
the world over. On the one hand, the sameness was assumed as 
proof of a regular, uniform evolution of culture. On the other 
hand, it was assumed to represent the elementary idea which 
arises by necessity in the mind of man and which cannot be an¬ 
alyzed, or as the earliest surviving form of human thought. 
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The significance of these elementary ideas or universal traits 
of culture has been brought into prominence by the long-continued 
controversy between the theory of their independent origin and 
that of their transmission from one part of the world to another. 
This struggle began, even before the birth of modem anthropology, 
with the contest between Grimm’s theory of the origin and his¬ 
tory of myths and Benfey’s proof of transmissions, which was 
based on his learned investigations into the literary history of 
tales. It is still in progress. On the one hand, there are investi¬ 
gators who would exclude the consideration of transmission alto¬ 
gether, who believe it to be unlikely, and deem the alleged proof 
irrelevant, and who ascribe sameness of cultural traits wholly to 
the psychic unity of mankind and to the uniform reaction of the 
human mind upon the same stimulus. An extremist in this direc¬ 
tion was the late Daniel G. Brinton. On the other hand, Friedrich 
Ratzel, whose recent loss we lament, inclined decidedly to the 
opinion that all sameness of cultural traits must be accounted for 
by transmission, no matter how far distant the regions in which 
they are found. In comparison with these two views, the third 
one, which was mentioned before as represented by Gerland, namely, 
that such cultural traits are vestiges or survivals of the earliest 
stages of a generalized human culture, has found few supporters. 

It is evident that this fundamental question cannot be settled 
by the continued discussion of general facts, since the various ex¬ 
planations are logically equally probable. It requires actual inves¬ 
tigation into the individual history of such customs to discover 
the causes of their present distribution. 

Here is the place to mention the studies in folklore which have 
excited considerable interest in recent times, and which must be 
considered a branch of anthropological research. Beginning with 
records of curious superstitions and customs and of popular tales, 
folklore has become the science of all the manifestations of popu¬ 
lar life. Folklorists occupy themselves primarily with the folklore 
of Europe, and thus supplement the material collected by anthro¬ 
pologists in foreign lands. The theorists of folklore are also divided 
into the two camps of the adherents of the psychological theory and 
those of the historical theory. In England the former holds sway, 
while on the Continent the historical theory seems to be gaining 
ground. The identity of the contents of folklore all over Europe 
seems to be an established fact. To the one party the occurrence 
of these forms of folklore seems to be due in part to psychic neces¬ 
sity, in part to the survival of earlier customs and beliefs. To the 
other party, it seems to owe its origin to the spread of ideas over 
tho whole continent, which may, in part, at least, be followed by 
literary evidence. 
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However this controversy, both in folklore and in anthropology, 
may be settled, it is clear that it must lead to detailed historical 
investigations, by means of which definite problems may be solved, 
and that it will furthermore lead to psychological researches into 
the conditions of transmission, adaptation, and invention. Thus 
this controversy will carry us beyond the limits set by the theory 
of elementary ideas, and by that of a single system of evolution of 
civilization. 

Another aspect of the theories here discussed deserves special 
mention. I mean the assumption of a “folk-psychology” (Volker- 
psychologic) as distinct from individual psychology. “ Folk-psycho¬ 
logy” deals with those psychic actions which take place in each 
individual as a social unit; and the psychology of the individual 
must be interpreted by the data of a social psychology, because 
each individual can think, feel, and act only as a member of the 
social group to which he belongs. The growth of language and all 
ethnic phenomena have thus been treated from the point of view 
of a social psychology, and special attention has been given to the 
subconscious influences which sway crowds and masses of people, 
and to the processes of imitation. I mention Steinthal, Wundt, 
Baldwin, Tarde, Stoll, among the men who have devoted their 
energies to these and related problems. Notwithstanding their 
efforts, and those of a number of sociologists and geographers, 
the relation of “folk-psychology” to individual psychology has 
not been elucidated satisfactorily. 

We will now turn to a consideration of the recent history of 
somatology. The historical point of view wrought deep changes 
also in this branch of anthropology. In place of classification, the 
evolution of human types became the main object of investiga¬ 
tion. The two questions of man’s place in nature and of the evo¬ 
lution of human races and types came to the front. The morpho¬ 
logical and embryological methods which hud been developed by 
biologists were applied to the human species, and the new endea¬ 
vors were directed to the discovery of the predecessor of man, to 
his position in the animal series, and to evidences regarding the 
direction in which the species develops. I need mention only Hux¬ 
ley and Wiedersheim to characterize the trend of these researches. 

In one respect, however, the study of the human species differs 
from that of the animal series. I stated before, that the slight dif¬ 
ferences between types which are important to the anthropologist 
had led to the substitution of the metric or quantitative description 
for the verbal or qualitative method. The study of the effects of 
natural selection, of environment, of heredity, as applied to man, 
made the elaboration of these methods a necessity. Our interest 
in slight differences is so much greater in man than in animals or 
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plants, that here the needs of quantitative precision were first felt. 
We owe it to Francis Galton that the methods of the quantitative 
study of the varieties of man have been developed, and that the 
study has been extended from the field of anatomy over that of 
physiology and experimental psychology. His researches were 
extended and systematized by Karl Pearson, in whose hands the 
question, which was originally one of the precise treatment of 
the biological problem of anthropology, has outgrown its original 
limits, and has become a general biological method for the study of 
the characteristics and of the development of varieties. 

We may now summarize the fundamental problems which give 
to anthropology its present character. In the biological branch 
we have the problem of the morphological evolution of man and 
that of the development of varieties. Inseparable from these ques¬ 
tions is also that of correlation between somatic and mental char¬ 
acters, which has a practical as well as a theoretical interest. In 
psychological anthropology the important questions are the dis¬ 
covery of a system of the evolution of culture, the study of the 
modifications of simple general traits under the influence of dif¬ 
ferent geographical and social conditions, the question of trans¬ 
mission and spontaneous origin, and that of “ folk-psychology ” versus 
individual psychology. It will, of course, be understood that this 
enumeration is not exhaustive, but includes only some of the most 
important points of view that occupy the minds of investigators. 

The work of those students who are engaged in gathering the 
material from which this history of mankind is to be built up is 
deeply influenced by these problems. It would be vain to attempt 
to give even the briefest review of what has been achieved by the 
modest collector of facts, how his efforts have covered the remotest 
parts of the world, how he has tried to uncover and interpret the 
remains left by the races of the past. 

I think we may say, without injustice, that his work is directed 
principally to the explanation of special problems that derive their 
chief interest from a personal love for the particular question and 
from an ardent desire to see its obscurity removed and to present its 
picture in clear outlines. Nevertheless, the well-trained and truly 
scientific observer will always be aware of the general relations of 
his special problem, and will be influenced in his treatment of the 
special question by the general theoretical discussions of his times. 
It must be said with regret that the number of anthropological ob¬ 
servers who have a sufficient understanding of the problems of the 
day v; •• all. Still their number has increased considerably during 
• he ia.-t twenty years, and consequently a constant improvement in 
Hie reliability and thoroughness of the available observations may 

^ noticed 
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One or two aspects of the research work of the field anthropo¬ 
logist must be mentioned. The studies in prehistoric archeology 
have been given a lasting impulse by the discussions relating to the 
evolution of mankind and of human culture. Two great problems 
have occupied the attention of archeologists, — the origin and 
first appearance of the human race, and the historical sequence 
of races and of types of culture. To the archeologist the deter¬ 
mination of the chronological order is an important one. The de¬ 
termination of the geological period in which man appeared, the 
chronological relation of the earliest types of man to their later 
successors, the sequence of types of culture as determined by the 
artifacts of each period, and approximate determinations of the 
absolute time to which these remains belong, are the fundamental 
problems with which archeology is concerned. The results obtained 
have the most immediate bearing upon the general question of 
the evolution of culture, since the ideal aim of archeology prac¬ 
tically coincides with this general problem, the solution of which 
would be contained in a knowledge of the chronological develop¬ 
ment of culture. Of course, in many cases the chronological ques¬ 
tion cannot be answered, and then the archeological observations 
simply rank with ethnological observations of primitive people. 

The field-work of ethnologists has been influenced in several 
directions by the theoretical discussions of anthropologists. We 
do not need to dwell on the fact that the scope of ethnological re¬ 
search has become more extensive and exhaustive by taking into 
consideration more thoroughly than before the whole range of 
cultural phenomena. More interesting than this is the stimulus 
that has been given to historic and psychological observation. On 
the one hand, the theory of transmission has induced investigators 
to trace the distribution and history of customs and beliefs with 
care, so as to ascertain empirically whether they are spontaneous 
creations, or whether they are borrowed and adapted. On the other 
hand, the psychic conditions that accompany various types of culture 
have received more careful attention. 

These detailed archeological and ethnological studies have 
retroacted upon the theories of anthropology. The grand system 
of the evolution of culture, that is valid for all humanity, is losing 
much of its plausibility. In place of a simple line of evolution there 
appears a multiplicity of converging and diverging lines which it 
is difficult to bring under one system. Instead of uniformity, the 
striking feature seems to be diversity. On the other hand, certain 
general psychic facts seem to become discernible, which promise to 
connect “ folk-psychology ” with individual psychology. The trend of 
this development is familiar to us in the history of other sciences, 
such as geology and biology. The brilliant theories in which the 
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whole range of problems of a science appears simple and easily 
explicable have always preceded the periods of steady empirical 
work which makes necessary a complete revision of the original 
theories, and leads through a period of uncertainty to a more strictly 
inductive attack of the ultimate problems. So it is with anthropo¬ 
logy. Later than the older sciences, it has outgrown the system¬ 
atizing period, and is just now entering upon the empirical revision 
of its theories. 

Our sketch of the history of the prevailing tendencies in anthro¬ 
pology would be incomplete without a few remarks on the men 
who have made it what it is. What has been said before shows 
clearly that there is hardly a science that is as varied in its methods 
as anthropology. Its problems have been approached by biologists, 
linguists, geographers, psychologists, historians, and philosophers. 
Up to ten years ago we had no trained anthropologists, but students 
drifted into anthropological research from all the sciences that I have 
mentioned here, and perhaps from others. With many it was the 
interest aroused by a special problem, not theoretical considera¬ 
tions, that decided their course. Others were attracted by a general 
interest in the evolution of mankind. The best among them were 
gradually permeated by the fundamental spirit of anthropological 
research, which consists in the appreciation of the necessity of 
studying all forms of human culture, because the variety of its 
forms alone can throw light upon the history of its development, 
past and future, and which deigns even the poorest tribe, the degraded 
criminal, and the physical degenerate, worthy of attentive study, 
because the expressions of his mental life, no less than his physical 
appearance, may throw light upon the history of mankind. 

Even now the multifarious origin of anthropology is reflected in 
the multiplicity of its methods. The historian or the political econo¬ 
mist who comes in contact with anthropological problems cannot 
follow the methods of the biologist and of the linguist. Neither can 
the anthropologist of our period fill the demands for information of 
all those who may need anthropological data. It might almost 
seem that the versatility required of him will set a limit to his use¬ 
fulness as a thorough scientist. However, the solution of this diffi¬ 
culty is not far off. We have seen that a great portion of the domain 
of anthropology has developed through the application of the new 
historical point of view to the mental sciences. To those who occupy 
themselves with this group of problems, anthropological knowledge 
will be indispensable. Though the anthropological point of view 
may thus pervade the treatment of an older branch of science, and 
help to develop new standpoints, the assistance that anthropology 
renders it docs not destroy the independence of the older science, 
which in a long history has developed its own aims and methods. 
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Conscious of the invigorating influence of our point of view and of 
the grandeur of a single all-compassing science of man, enthusiastic 
anthropologists may proclaim the mastery of anthropology over 
older sciences that have achieved where we are still struggling with 
methods, that have built up noble structures where chaos reigns 
with us, the trend of development points in another direction, in 
the continuance of each science by itself, assisted where may be by 
anthropological methods. The practical demands of anthropology 
also demand a definition aud restriction of its field of work rather 
than constant expansion. 

The historical development of the work of anthropologists seems 
to single out clearly a domain of knowledge that heretofore has not 
been treated by any other science. It is the biological history of 
mankind in all its varieties; linguistics applied to people without 
written languages; the ethnology of people without historic records, 
and prehistoric archeology. It is true that these limits are con¬ 
stantly being overstepped, but the unbiased observer will recognize 
that, in all other fields, special knowledge is required which cannot 
be supplied by general anthropology. The general problem of the 
evolution of mankind is being taken up now by the investigator of 
primitive tribes, now by the student of the history of civilization. 
We may still recognize in it the ultimate aim of anthropology in 
the wider sense of the term, but we must understand that it will be 
reached by cooperation between all the mental sciences and the 
efforts of the anthropologist. 

The field of research that has been left for anthropology in the 
narrower sense of the term is, even as it is, almost too wide, and 
there are indications of its breaking up. The biological, linguistic, 
and ethnologic-archeological methods are so distinct, that on the 
whole the same man will not be equally proficient in all of them. 
The time is rapidly drawing near when the biological branch ot 
anthropology will be finally separated from the rest, and become a 
part of biology. This seems necessary, since all the problems relating 
to the effect of geographical and social environment and those re¬ 
lating to heredity are primarily of a biological character. Problems 
may be set by the general anthropologist. They will be solved >y 
the biologist. Almost equally cogent are the reasons that urge on 
to a separation of the purely linguistic work from the ethnologies 
work. I think the time is not far distant when anthropology pure 
and simple will deal with the customs and beliefs of the less civil¬ 
ized people only, and when linguistics and biology will continue 
and develop the work that we are doing now because no one else 
cares for it. Nevertheless, we must always demand that the anthropo¬ 
logist who carries on field-research must be familiar with the prin¬ 
ciples of these three methods, since all of them are needed for the 



ANTHROPOLOGY 


482 

investigation of his problems. No less must we demand that he 
have a firm grasp of the general results of the anthropological method 
as applied by various sciences. It alone will give his work that 
historic perspective which constitutes its higher scientific value. 

A last word as to the value that the anthropological method is 
assuming in the general system of our culture and education. I do 
not wish to refer to its practical value to those who have to deal 
with foreign races or with national questions. Of greater educational 
importance is its power to make us understand the roots from which 
our civilization has sprung, to impress us with the relative value 
of all forms of culture, and thus serve as a check to an exaggerated 
valuation of the standpoint of our own period, which we are only 
too liable to consider the ultimate goal of human evolution, thus 
depriving ourselves of the benefits to be gained from the teach¬ 
ings of other cultures, and hindering an objective criticism of our 
own work. 
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My regret, at not being able to express myself in English would 
be more keenly felt by me had I foreseen the present circumstances, 
under which such great honor is conferred upon me. The belie! 
that this great honor is bestowed, above all else, upon the anthropo¬ 
logical institutions of my own country makes me none the less 
appreciative and grateful. The creation of these institutions repre¬ 
sents one of those “hard beginnings." as you in America like to call 
them; one of those difficult beginnings which also signalized the 
origin of a great purpose,— the individualization of anthropology 

as a distinct science. . 

With the anthropological achievements of all countries of intel¬ 
lectual culture as a foundation, this great object was accomplished, 
little by little, in the space of half a century. Anthropology every¬ 
where, under the influence of its own growth and of worthy practical 
examples mutually exchanged among the universities of the world, 
tends to acquire a special and definite individuality. Of these excel¬ 
lent examples, America 1ms furnished to Europe a large proportion. 
Although there is promise of much progress in England, Germany, 
and other Continental countries, it would not be surprising very 
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soon to find the most satisfactory form of organization of anthropo¬ 
logical science established in America. 

For, after all, is it not here that the most favorable conditions 
exist for a rearrangement in accordance with the needs of the 
younger sciences? On the other hand, in those countries where so 
many scientific institutions, more or less old, struggle with each 
other, so to speak, for space and means, there prevail ideas which, 
if carried out even only in part, would seem chimerical. Prudent 
thinkers abstain from these by a sort of instinctive self-restraint, 
or else keep to themselves such daring notions whose very expres¬ 
sion would hardly be tolerated in certain mediocre universities. 
Thus it is that every new science secures its proper place only after 
a certain period of time, — be it of longer or shorter duration, — 
which, in its history, constitutes a stage that may be termed its 
“hard times." 

The fact that anthropology, during forty or fifty years, in France, 
passed through such a period, marks the momentous innovation 
involved in the rise of this science. 

Anthropology has existed everywhere, not only for the past fifty 
years, but throughout the centuries as well. Human anatomy and 
physiology had been assigned to physicians under the title of med¬ 
ical sciences; ethnology was discussed by historians and philo¬ 
logists. A professor in the Jardin des Plantes, Paris, holding the 
chair of Mammalogy, could have assumed the anthropological title 
without being subjected to hostile criticism. Besides, a long time 
before, Kant had designated a part of his teaching at Konigsberg by 
the term “anthropology,” and several other writers had made use 
of the name, attributing to it a significance far more comprehensive 
than is ever implied at the present time. 

In truth, the history of anthropology were not complete without 
reverting to the first positive notions concerning man. Nowhere 
are the aims and objects of anthropology more eloquently ex¬ 
pressed than in those two words: y mavrov. They express but 
a simple wish, yet it is a wish which reflects great honor upon 
the Greek philosopher, for it implies the recognition of that one 
requirement to which our anthropology should correspond in order 
that it may be precisely what it. should be. 

Thus it is that the study of man, necessarily approached from 
many sides and various points of view by physicians, naturalists, 
and philosophers, should be found broken up in such a way that 
even the progress of the various divisions seems to have become 
an obstacle to the formation of the integrality of its conception. 

If a congress similar to this one at St. Louis had been organized 
fifty years ago, it is very doubtful whether among its 128 sections 
there had been a single one devoted to anthropology. 
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The science of mankind would doubtless have been distributed 
among several sections, in several departments. Ethnology, per¬ 
haps, would have obtained a distinct place in such a congress, and 
might possibly have tolerated some contributions in ethnic cranio- 
graphy from Morton or Retzius. A Huxley or a Boucher de Perthes 
might have had a hearing in some more or less anthropological 
section of philosophy, but surely not under the title of “ Official 
Speakers.” 

How changed do we find the position of anthropology a decade 
later, still under an ethnological guise, but nevertheless permitting 
the introduction, with the study of the races, of the human species 
considered as a whole as well as in all its subdivisions, not even 
excluding the study of the individual. Moreover, this new plan of 
anthropological study could not thereafter be limited or distorted 
to suit the peculiar ideas of this or that author. The formation 
of autonomous and liberally conducted anthropological societies 
afforded an ample guarantee in this regard, and secured for the 
science of mankind that measure of extensibility which it should 
logically be permitted to enjoy. 

And, after all, in a centre accessible to questions of all kinds 
relating to the knowledge of human beings, the comparison of 
such questions, it is self-evident, is favorable to the understand¬ 
ing of their mutual relations. In a pioneer society of anthropo¬ 
logy this condition must, as with the other branches, expand be¬ 
yond the original simple conceptions of anthropological science 
which its founders themselves had had. That is why the date of 
the foundation of this pioneer society should, in the history of the 
sciences, mark the actual beginning of the individualization of 
anthropology. I say the beginning because the process which I 
will endeavor to outline required time. Moreover, it is significant 
that these logical needs engaged a place suitable to their action, 
but they do not operate without friction of thought and of indi¬ 
viduals ensuing. This is involved even in the very mechanism of 
progress, and one has grown familiar with the conflicts which thus 
result. 

The creation of anthropological societies was a preliminary step, 
and relatively easy to take. Private institutions, dependent upon 
their own resources, are not to be considered with other institutions 
or with secular traditions. 

Not even for the research laboratories or for the departments 
of instruction was the work absorbing enough, and therefore un¬ 
likely to become a profession. Hence it was an innovation which 
could not establish and maintain itself without passing through 
‘‘hard times.” Space and money were unavailable, and in the be¬ 
ginning already the needs seemed destined to increase. Mean- 
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while the newborn child-science just come into a family already 
of large number, the new individuality which had announced its 
presence by taking a seat at the “ Banquet of Life,” became the 
object of most gloomy reflections. Was there any need for a new 
science? At least, was it legitimate? The philosophers expressed 
their doubts and declared its demise highly probable — if not alto¬ 
gether desirable. 

Controversies of this kind, at the time in which they arose, were 
extremely dangerous, because rebuttal could not then be made 
immediately. 

But anthropology none the less continues effectively to mani¬ 
fest its individuality. The very fact that it could not find place 
in the university curricula only enhanced its importance and its 
novelty. Its affirmation alone signified widespread interest well 
worthy of the efforts put forth in its behalf. It is but just to put 
this fact in line with the anthropological work accomplished in 
France, and that — at least, so it seems to me — is why I so often 
hear foreign scientists give expression to their astonishment on 
seeing Broca’s three institutions still piled up in the garret of this 
edifice. Their commiseration is free from the scorn felt in the con¬ 
templation of a cellar. But is it not with the cellar that a begin¬ 
ning must be made? Were this cellar without its superstructure, 
it would merely be a cave unfit for habitation. 

To the unthinking let it be said that when they see anthropo¬ 
logy comfortably established in its proper place in the curriculum 
of the new universities, or even when they see the older universities 
enhance the opportunities and means for the culture and spread of 
anthropological science, they ought not to forget that this progress 
had, somewhere upon this globe, a very humble beginning. 

If I again lay stress upon the “hard times” of anthropology, 
it is to characterize better the phase which these represented in 
the evolution of the study of man, and better to show that this 
phase of “ individualization ” ought to continue in the broadest 
manner possible. 

In its beginning in France, anthropology could not develop 
into complete form at one fell stroke. Had it not been for the moral 
support which arose in its favor, it could not have succeeded in 
maintaining itself on a parallel with the brilliant progress accom¬ 
plished in the same field in foreign lands. A score of anthropo¬ 
logical societies now exist, and there is not a large university which 
does not possess a laboratory for anthropological anatomy, albeit 
included in one of those anatomical institutes where human ana¬ 
tomy exclusively is fostered. All that is directly related to the 
study of man in such institutes belongs to the domain of anthropo¬ 
logy, and if it appears otherwise it is due to the incompleteness of 



THE INDIVIDUALITY OF ANTHROPOLOGY 489 

% 

the individualization of the science of man. It is a remnant of the 
very natural adherence of a pure science to the art from which it 
was in large part originally derived, and which, in its turn, owes to 
the former its principal progress. Withal, the pure science ought 
therefore to become as completely emancipated as we find ana¬ 
tomy to be, by way of example, in Oxford. As seen from the point 
of view of its medical and surgical applications, pure anthropology 
does not cease to be at all distinct from human anatomy. The 
applied science gains quite as much as the pure science, for that 
part of human anatomy which the physicians freely abandon to 
the anthropologists now is sure to be of great interest to the medi¬ 
cine of the future. But the other arts will share in this interest, 
and that is another reason why it will not forever remain restricted 
to the medical art, a necessarily restricted field. 

In some universities, with reference to the teaching of the science, 
anthropology begins to find the special place of which it stood in 
need in the laboratories and chairs of anatomy. And while it is an 
important step, and the first great step, it is only a first step in 
advance. 

To explain further, anatomy must necessarily and constantly 
introduce a considerable portion of physiology, just as the study 
of the bodily functions and their variations requires the anatom¬ 
ical point of view. As a direct study of function, physiology is 
therefore distinct from anatomy in that the development of physi¬ 
ological study, particularly of man, soon solicits for human physi¬ 
ology the same favor that has been accorded to human anatomy 
at Oxford. A twin establishment of this kind could well be called an 
anthropological institute. Nevertheless, it would still be incomplete, 
for physiology, in its turn, calls for the complementary science, 
psychology, and the latter pervades sociology. All these form a 
continuous chain, which of necessity is further complicated by 
the consideration of aberrant and abnormal cases, so numerous 
in the human species, and which are not solely of interest in the 
medico-chirurgical sense. 

I cannot here discuss at length the questions concerning uni¬ 
versity arrangements which the individualisation of anthropo¬ 
logy would involve. I have said enough to show that it lias only 
been begun and that its continuation will require much effort in 
its behalf for some time to come. The initial phase to which I refer 
stands in great need of amplification in a number of countries and 
under better conditions before its continuance is assured. Every 
advance, in anatomical anthropology, for example, will do more 
than help to perfect its own division; progressive developments 
of this kind would give evidence of the relations of that division 
with others not yet provided, and would also contribute to the 
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widening of the primitive conception of the anthropological do¬ 
main. Each university, to begin with, establishes a single chair 
of anthropology, and its insufficiency immediately becomes ap¬ 
parent. The domain of anthropology is not only a vast one; it is 
so replete with varieties. In the teaching of anthropology by the 
incumbents of widely scattered chairs in European universities, 
it is also seen that the very diverse forms gain prominence in ac¬ 
cordance with the special expert abilities of each professor. 

When Broca opened his school with six chairs in 1876, this num¬ 
ber soon appeared to be inadequate, and the creation of two addi¬ 
tional chairs hardly sufficed to supply deficiencies which, from year 
to year, became more and more evident. Here, then, was something 
to appall the richest university in the world, were it an absolute 
necessity that an anthropological institute be put in possession 
of an organization fulfilling all the needs of the science. However, 
such is not quite the case. What is urgently needful is that ample 
space be reserved about the newly established institution for future 
development and expansion. 

As the situation now presents itself, these needs are already 
great and very difficult to meet in the older Europe. Adaptations 
of a simple kind, and perhaps less costly than a newly created 
organization, however provisional they may be, would give con¬ 
siderable satisfaction. Especially should we avoid being deceived 
by the idea that the old universities or academies are, as a rule, 
unamenable to adaptation with the view of achieving the indi¬ 
vidualization of anthropology. The many difficulties to be over¬ 
come demand initiative and sustained effort. Initiative and effort 
can be aroused only by a clear idea of what is to be attained and 
of what importance it is. It is just such a clear idea and its more 
widespread appreciation which must be relied upon to remove 
the many obstacles as they arise or to foresee them as clearly as 
possible before they do arise. 

How may such a clear idea be gained? Evidently by a study 
of the situation of anthropology among the sciences, and princi¬ 
pally among the neighboring sciences of which it may at times 
seem to be but a superfluous duplicate. It stands to reason that 
if the reality corresponds to appearances, the individualization 
of anthropology would not be rightly understood; anthropology 
supplies a deficiency which it alone is capable of supplying. Hence 
the conception of its individuality appears, conjointly with the 
f % 'V‘ of sociology, as a most important event in the history of 

»*•'' • ^ ■ '-es, and for that reason exerts an incalculable influence 
upo.i ,ianity’s future. 

i * tlemen, is not a question to be submitted to personal 
alone. It is a question of scientific philosophy in which 
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we may look for a rigid demonstration. The arrangement of the 
sciences and their mutual relations are logical results determined 
by the relations of things among themselves and with our reason. 
It is precisely on this account that the Congress of St. Louis claims 
a special and highly philosophic interest. In this Congress the 
sciences are rightly considered in the same manner as the facts 
pertaining to each are dealt with in their turn. The Congress is, 
practically, a convention of the natural history of the sciences. 

Just as each science deals with the classification of the pheno¬ 
mena of matter and forces, so the philosophy of the sciences deals 
with the classification of sciences. Just as there are properties of 
matter and force, the recognition of which notably favors the in¬ 
troductory study of all phenomena or of all substance embraced in 
a known series, can we not also conceive of a series of the sciences 
possessing all of these general properties and containing a place 
reserved in some sort of way for anthropology? 

As it is, the logical conclusion is the more clear that such series 
are but two in number, comprising all our knowledge of the uni¬ 
verse, and that anthropology does not enter the same series more 
than the various sciences from which it is separable with difficulty. 
Moreover, these two series form a division so natural and well- 
grounded that, even in our day, and as it has ever since the begin¬ 
ning of the formation of sciences, it operates without constraint. 

The double aspect under which nature is presented to our in¬ 
vestigation determines this mode of classification. If we consider 
the natural phenomena by themselves, we obtain a knowledge of 
the general laws concerning the relations of phenomena among 
themselves. The various sciences, thus arranged, form a series 
of general sciences. This series, a natural arrangement which re¬ 
views philosophical history, represents (as Auguste Comte has 
shown) the sum total of our knowledge, in compact form, as seen 
from the purely ontological side. Such learning regulates the know¬ 
ledge of beings, but does not suffice to constitute that knowledge. 

In fact, we find that the phenomena of various kinds associate 
and combine themselves, in a manifold way, in beings of all kinds. 
In other words, there is much for us to know, for these complex 
forces act upon us, and, conversely, we are obliged to react toward 
them. So the knowledge of the simplest being requires the com¬ 
bination of many general sciences and a study suited to the par¬ 
ticular nature of that being or object. That is why the series 
of general sciences required the recognition of our knowledge 
of beings in a complementary series, none the less indispensable 
than the former in the control of our reactions toward the en- 
vironment. 

In evidence thereof it may suffice to present a list of the arts, 
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together with these two series of sciences, each being placed in 
juxtaposition with those sciences which have specially contributed 
to their progress. This tabulation I published fifteen years ago, 1 
but circumstances have not yet permitted me to develop the theme 
as fully as I had intended. It were superfluous, at this juncture, 
to point out, in justification of the existence of anthropology, its 
position among the other sciences, or the incapability of any other 
science to replace it. 


Knowledge 

Action 

of phenomena: 
General Sciences 

of objects: 

Special Sciences 

Arts 

Mathematics 

Physics 

Chemistry 

Biology 

Sociology 

Astronomy 

Meteorology 

Mineralogy 

Geography and 

Geology 

Botany 

Zoology and 
subdivisions 

Exact arts of engin¬ 
eers, builders; 

Railroad con¬ 
struction; 

Navigation, etc. 
Manufactures, ' 
metallurgy, etc. 
Agriculture. 

ZoO technics 

Anthropotcchnics(ology) 

J! cdi . cin0 \ Human 
Hygiene ) 

Morals 

Education 

Law 

Politics 

According to the order 
of decreasing generality 




and increasing complexity. 

A. Comte. 

Just as sociology, at the head of the series of the general sciences, 
has assumed the study of the social phenomena, so anthropology, 
at the head of the special sciences, has all the more logically as¬ 
sumed the study of human beings. The importance of this fact is 
sufficiently indicated by the simple enumeration of the arts that 
are of especial benefit to mankind. Among these arts I only cite 
those which have for their chief aim the guidance and instruction 
of men, and which I have grouped under the name of anthropotech- 
nology, in order to show their analogy with those included under 
‘ e name of zootechnologv from the viewpoint of their relations with 
science. 

' Classification naturelle des sciences; Position, programme et divisions de 
I Anthropologic, Association fran^aise pour l’avancemcnt des sciences, Congrds 
dc Paris, 1880. 
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In our list of sciences, anthropology occupies but a modest place, 
since it only represents a subdivision of zoology. But the animal 
here dealt with is man — and the arts to be developed in this con¬ 
nection are those which deal with the actions, aims, welfare, and 
progress of the human race. 

The table here presented requires little further development 
to show that the alleged “failure” of science in moral matters is 
only an indication of the comparative delay in the progress of the 
sciences capable of defining morals —as compared with the sciences 
which flourished the better because less complex. 

The control of mankind never belonged to science, and, unfor¬ 
tunately, our race is not likely to become enlightened enough in 
this respect in the very near future. 

As soon as conditions favorable to such enlightenment arise, a 
narrow conception of anthropology must be guarded against, for, 
I repeat, no other science deals with the special knowledge of human 
beings, and any misconception would impede or seriously cripple 


its individualization. 

The individuality of anthropology is sufficiently defined by what 
1 shall say concerning the two series of sciences; one dealing with 
the knowledge of various kinds of phenomena and the laws which 
govern them, while the other deals with the special knowledge of 
each being viewed in all its complexity. 

What we call human somatology is nothing more than the study 
of the anatomical and physiological characters of the human species 
as compared with related species and of individual human beings 
compared among themselves. Human anatomy and physiology are 
essentially parts of anthropology in that they have for their aim 
the special knowledge of human beings. They are inseparable from 
each other, since they regard the human body and its functions 
not only from the purely phenomological viewpoint of the general 
sciences, but also from the viewpoint of the special knowledge of 

human beings. . . . 

This distinction, based upon the difference in the points of view, 
clearly does not invalidate the results acquired by studies of this 
kind belonging to anthropology, inasmuch as these augment the 
special science of man. Hence many anatomists and physiologists 
often make use of anthropology without knowing it, just as many 
researches principally taken up with an anthropological purpose 
can and do contribute to the progress of anatomy and physiology 
considered as general sciences. It may even be said that such re¬ 
searches, while ostensibly appearing as new problems in the field 
of the general sciences, always contribute to anthropology. Be¬ 
cause of tfee special importance which is attached to the smallest 
details of the human structure and its physiology, as for example 
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the hardly discernible differences which give rise to innumerable 
varied physiognomies, and also because of the enormous multipli¬ 
cation of different morphological and physiological series of human 
characters which almost constitute a new category of phenomena, 
the special study of man presents a singular interest for biology. 

The relationship between human somatology and anatomy 
combined with physiology — in one word, biology — ought there¬ 
fore, it seems to me, to be free from all obscurity. 

The relationships between anatomy and psychology as well as 
with sociology are quite analogous, if not quite similar. Perhaps 
the only difference lies in the fact that, while biology might be 
slightly reduced if deprived of its phenomena, these phenomena 
would enrich psychology, and sociological phenomena are, for the 
greater part, exclusively human. 

Psychology and sociology are fully within the bounds of the 
science of man. As with human anatomy and physiology, they 
are equally affiliated with anthropology in so far as they greatly 
share in the special knowledge of human beings. Strictly speak¬ 
ing, human psychology and sociology are distinguished from an¬ 
thropology in so far as they deal with the human soul and with 
human society from the point of view of investigations of the 
ontological laws. To anthropology belong only those psychological 
and sociological facts which may be considered as elements of the 
special knowledge of human beings. In this relation, as with all 
others, the anthropologist makes a study of characters; that is to 
say, of differences which are interpreted in the light of the general 
sciences. 

Although there are no societies other than human societies, there 
is still, in the study of social phenomena analyzed according to 
sociological laws, material that is separable from anthropology. 
Human societies, in fact, possess an organization and functions 
which permit of their being considered as veritable super-biological 
organisms endowed with a life and evolution distinguishable from 
the life and evolution of the elements which compose them. They 
are none the less human productions. The interdependence which 
exists among them and the individuals of which they are formed is 
intimate enough so that the differences in time and space which 
they present constitute veritable anthropological characters. 

Let it be understood that these distinctions in no way imply 
a belief in a corresponding partition in nature. There is no need to 
make numerous divisions, but rather to create order in our methods 
of investigation and in our knowledge. The two categories of the 
sciences arise from the logical necessity of taking two different 
Points of view, or, if you will, the study of nature in two directions 
in order to obtain knowledge according to our needs. Human 
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sociology completes our knowledge of man without being included 
in anthropology, for it is differentiated in so far as it is a phenomo- 
logical study; that is to say, in so far as it is an investigation of the 
laws governing a particular kind of phenomena. 

This completes my statement with reference to the place occupied 
by sociology in its relations with anthropology in my memoir of 
1889 cited above. 

Despite the impossibility of introducing here any detailed de¬ 
velopment, it is seen that the relations of anthropology with the 
neighboring sciences no longer present any difficulties if we take for 
our basis of argument the general classification of the sciences and 
the logical necessity which has given place to the division of the 
two sciences in two series whose relations remain constant from 
first to last. 

So we find the individuality of anthropology guarded from stray¬ 
ing out of the path of progress. This I will show further in my 
concluding words. 

Anthropology concerns itself purely with anatomical, physiolog¬ 
ical, psychological, and sociological differences. When we consider 
the human species as a whole, or the races, sexes, or any categories 
whatsoever, or finally the individual, the special study of human 
beings always consists in a differentiation from various points of 
view determined by the different kinds of phenomena which these 
beings present. That is to say, from the quadruple anatomo-physio- 
psycho-sociological point of view. Such is the individuality of 

anthropology. ,. . . 

Hence we now see why the conception of this individuality is of 
such extreme importance. Here again I base my demonstration 
upon the facts which have determined the formation of the two 
categories of sciences; for all the special sciences are the result of 
an individualization similar to that which anthropology ought to 

possess. , . . . i 

The characters presented by all kinds of beings are not isolated 
from each other. There are interconnections, interacting influences 
and correlations whose study is indispensable in the acquisition of 
knowledge worthy of the name and helpful to our purpose. 

Minerals, for example, present characters of geometrical, me¬ 
chanical, physical, and chemical kinds. But neither geome ry, 
mechanics, chemistry, nor physics can replace mineralogy; first, 
because each of these sciences has purpose totally different from 
the knowledge of minerals, and interests itself in it only so far as it 
may profit thereby; secondly, because each of these general sciences 
does not regard, and is not capable of regarding, a mineral from 
any other than one point of view; thirdly, because the various kinds 
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of characters are combined in the mineral in certain ways which 
determine the specific properties of that mineral. 

To obtain a suitable knowledge of such a mineral therefore re¬ 
quires a special and concrete study adapted to the complex nature 
of the object to be investigated. The mineralogist applies his geo¬ 
metrical, mechanical, and physio-chemical knowledge, together 
with the perception of relations and position. In order to acquire 
knowledge concerning such a mineral adapted to its particular 
and complex nature, to learn its special characteristics as compared 
with other minerals, and to understand its uses as well as employ 
it usefully, this combination of the concrete sciences is absolutely 
necessary. 

It were distressing to imagine a mineralogy whose individualization 
were as incomplete as it yet is in the case of anthropology. Were 
such the case, we might find mineralogists relinquishing the study of 
crystalline forms to the geometricians, or, in order not to infringe 
upon the rights of the chemist, to avoid the study of the chemical 
composition of minerals, and so on. 

I do not believe that such freakish doings will ever occur in min¬ 
eralogy. We cannot be as sanguine in anthropology, especially if 
the intimate relations which exist between somatological characters 
and the mental makeup are misunderstood or overlooked. An in¬ 
completely individualized anthropology would no more deserve the 
name of science than would a mineralogy devoted merely to the 
consideration of mineralogical characters. A human category or a 
human being represents a complexus of several kinds of phenom¬ 
ena, and this complexus must be differentiated from analogous 
though not similar complexuses. Furthermore, not only must these 
differences be noted, they must also be explained. Without such 
interpretation there may exist museums or even chairs of anthro¬ 
pology, but not an anthropology; not that anthropology which 
answers to the mandate yvZtOi atavrov, and from which, together with 
sociology, the anthropotechnical arts await the light of which they 
stand so greatly in need. Without this scientific light the intense 
efforts of societies against moral progress would amount to a futile 
and perhaps dangerous movement. At the basis of every social 
question, anthropological problems will be found, but we know how 
valueless the immature responses of an incompletely organized 
anthropology are. 

In short, it is the anatomical point of view which is neglected 
or limited to the consideration of characters which are of no im¬ 
portance physiologically; it is the psychological point of view, or 
even the sociological one, as if there were not the most intimate 
relations between the physical conformation and the intellectual 
or moral characters, or even as if the latter bore no relations to 
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social or other environmental conditions under which mankind 
developed. 

When we consider the sexes, the races, the social castes, the 
criminals, or other classes of mankind, this alliance between the 
soraatological, mental, and social viewpoints ought never to be 
forgotten. All this is comprised in the nature of things, and it must 
also be comprised in scientific study. 

Through its practical organization in various and more or less 
perfect ways, anthropology could realize that individualization 
which is its desideratum. The theoretical realization of this indi¬ 
viduality on the part of all anthropologists is of the first importance, 
and dominates the question of its organization and the arrange¬ 
ment of its subject-matter. 
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Within a radius of a mile of the meeting-hall of this Congress are 
representatives of perhaps half the types of mankind. Indeed, 
it has been the aim of this Exposition that it should be an expo¬ 
sition, above all else, of mankind, and the study of mankind consti¬ 
tutes the subject-matter of anthropology. We may survey the 
collective exhibit here assembled of man and his works, from one 
of three viewpoints; First, we may note that certain types differ 
from us in color, character of hair, perhaps in the proportions of 
the limbs; indeed, their whole physiognomy seems to be built on 
a plan different from ours. This, then, is the point of view of bodily 
structure, or of somatology. Secondly, the majority of the types 
of mankind here represented speak a tongue foreign to our ears. 
This is the point of view of language, or of linguistics. In the third 
place, these types have a method of thinking, acting, and doing 
different from ours. They wear strange garments, use strange tools, 
live in strange habitations, in fact, their whole material life is differ¬ 
ent from ours. This is the point of view of culture, or of ethnology. 
These, then, are the great subdivisions of the study of mankind, or 
anthropology: somatology, linguistics, ethnology. 

It should be noted that the boundaries of these three divisions 
of anthropology, with their aims, methods, and results, are not 
necessarily the same. Thus, continuing our survey of the types here 
represented, we may observe that while certain groups of indi¬ 
viduals speak the same language, they are not of the same physical 
type; and again, we may observe that, though certain groups of 
these peoples are practically in the same state of culture, they dif¬ 
fer widely, both in physical type and in language. In other words, 
although the study of mankind may be approached from three 
distinct points of view, the aims, methods, and results of any one 
will be generally distinct from those of the other two. Hence, 
should we attempt to classify the people here represented, which 
for present purposes may be regarded as representative of mankind, 
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our classification would differ, accordingly as it followed one or 
another of these three methods. This fact does not necessarily 
mean that our classification according to the one or the other is not 
right. That this contradiction is inevitable is at once apparent when 
it is remembered that the laws governing the preservation of somatic 
types are not the same as those which govern the preservation of 
languages or cultures, and furthermore that language and culture 
are not transmitted, nor is their development uniform. When we 
classify according to language, we may make fine distinctions and 
note historic changes, but not the same classes of facts in the early 
history of man are thereby discovered. The combination, then, of 
the three methods of somatology, linguistics, and ethnology all 
make up the general study of mankind, and all must contribute 
their share to the solution of the great problem of anthropology, 
which has for its ultimate purpose the comprehensive study of 
mankind and his history. In this great problem the determination 
of the different types, languages, and cultures of men in different 
parts of the world, and the explanation, if such be possible, of the 
reason for the occurrence of these different types, languages, and 
cultures, are of fundamental importance. 

It is my purpose to discuss those problems of the history of man¬ 
kind that relate to the physical structure of man, or somatology. 
But before passing to the direct consideration of the problems of 
somatology, I cannot forego the opportunity to call attention to 
a fact which is so strikingly brought out in this great Exposition, and 
which is being even more satisfactorily proved as this year draws 
to a close,— the fact that no longer may we speak in derogatory 
tones of the so-called “lower races," implying thereby that they are 
less removed from the animal kingdom, and are deficient in certain 
faculties which, until recently, it has been assumed were the ex¬ 
clusive property of the white race. For this advance we are especially 
indebted to the researches of Boas, who, in a logical and convincing 
manner, has pointed out that faculty is not dependent upon race. 
Thus, as Boas has shown, color and character of the hair seem to 
distinguish the Africans from most other races; yet in America we 
find a dark skin and lips and nose which much suggest those of the 
continent of Africa. Then, it must be noted, that differences which 
at first seemed great, on examination are found to lose their effective¬ 
ness when correlation of growth is taken into consideration; for 
when this is done, the proportions of the body as found among the 
various races show differences comparatively insignificant. In 
fact, as has been shown by Ranke, many of the proportions of the 
so-called “lower races" are more characteristically human than those 
of the whites. In this connection it should also be noted that not 
descent alone, but the mode of life determines the proportions. 
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We therefore find differences in peoples of the same race, which are 
comparable to those which distinguish wild from domestic animals. 
Anthropometric measurements made among college students have 
also shown that measurements which are affected by the condition of 
the muscles, change in accordance with the development of the 
muscles during practice. Hence differences of this character brought 
out during childhood and continued into $dult life may result in 
differences of structure, and these differences are so functional that 
they do not belong to race; nor may they be interpreted as placing 
one race lower than another, for they are cultural. 

Many anatomical peculiarities which have been spoken of as 
theromorphisms may be due either to heredity or to malnutrition. 
Such is the os incae characteristic of certain regions of Peru and 
of the southwest; the torus palatinus characteristic of the Laps; the 
small nasals accompanied with synustosis, with the maxilla and the 
prenasal fossa, and the more important variations of the arteries 
and the muscles. Certain other anatomical peculiarities, such as 
the peculiar disposition of the frontal, parietal, and temporal bones 
so as to form the figure H seems to be due to malnutrition, while 
a platynimic condition of the tibia has been shown by my distin¬ 
guished colleague to be functional rather than racial. We may take 
finally a single other anatomical feature, that of facial prognathism, 
often spoken of as characteristic of the so-called “lower races.” It 
must be admitted that the forward projection of the maxilla of the 
Negro is more nearly typical of the apes than are the maxilla of 
the Europeans. At the same time it must be noted that this con¬ 
dition may be considered among the Europeans as an arrest of 
development, and hence indicative of a higher development; but the 
broad and flat nose among the Negroes, a condition found in white 
children and variable in adult whites, may also be regarded as an 
arrest of development; but in this case the arrest of development 
may not be interpreted as indicative of a higher development. Hence 
it may be stated that the arrest or superior development of a feature 
simply expresses a direction of development. It seems that, as man¬ 
kind has developed along the same general lines, certain peculiarities 
have remained stationary in some races, and thus may be said to 
show an arrest of development, while in others some feature has been 
strongly developed. Thus as characteristic of the Australian may 
be noted the great development of the frontal sinuses; of the Negroes, 
facial prognathism; and of the whites, the high and the narrow nose. 
It may be concluded, therefore, that no one race is anatomically 
more ape-like than any other, or more highly developed. Hence we 
a.e not justified in speaking of those races as lowest which differ most 
widely from ours. More than once the Negro of Africa has proven 
himself the equal, if not the superior, of the white man, anatomically, 
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while the exhibits of the Japanese in this Exposition and their 
success in the field of arms during the year have marked them truly 
the equal of any whites now living. Surely it is time that the white 
race recognized the fact that anatomically it is not superior to the 
other races; that its seeming superiority is due to a fortunate series 
of circumstances extending over thousands of years, and that equally 
favorable circumstances are likely to arise in the future which will 
make it possible for a race other than the white to assume a domin¬ 
ating position. 

Upon the grounds of this Exposition are representatives of many 
peoples of Asia, of Africa, of Europe, of many of the Islands of 
the Pacific, and of America, from the Eskimo of the northern ex¬ 
tremes to the Patagonians of the south. How are these people 
related by blood? What relationship does the Eskimo sustain to the 
Patagonian? Why is the color of the skin of the Negro black, and 
whv does it remain black? Why is it that any one tolerably con¬ 
versant with the peoples of the earth may distinguish at a glance 
a native American from a native of any other people in the world? 
These are some of the problems of somatology, and the great funda¬ 
mental problem of somatology is the determination and definition 
of different types of man in different countries, and, if it be pos¬ 
sible, the explanations of the causes of these different types. The 
problem, then, is largely one of classification, the object of classi¬ 
fication being to establish types of the varieties of mankind. As has 
already been said, this classification is not based on language; nor 
is it based on ethnology, but it is based on the blood relationship of 
the different types. The great advantage secured by this somato- 
logical classification will be along the direction of the reconstruction 
of the history of the origin and mixture of human types, and even 
possibly the establishment of certain types which will be found 
to have remained permanent during a very long period of time. 
Again the problem may be defined as an investigation into human 
characteristics which will enable us to determine, first, the types 
of mankind in every part of the world, and, second, to group these 
types into races. We may first consider the classifications of the races 
of mankind which have been presented up to the present time; 
secondly, the methods or criteria which are applicable to and form 
the basis of the determination of types and the classification of 
races. 

In the brief historical review I am about to make of the various 
schemes of classification which have been proposed for mankind, 
it may be stated at the outset that certain problems which formerly 
engaged the serious attention of somatologists may now be assumed 
as settled, or of such nature as to warrant postponement of their 
solution pending the accumulation of further data. That man 
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forms a single genus, and a single species, is, I believe, no longer 
questioned. Hence modern classification recognizes varieties or 
races of a single species. This very fact has constantly been a source 
of difficulty; for man has never separated so far as to form true 
species according to the physiological definition. On the other hand, 
the other members of the animal kingdom have not only differen¬ 
tiated into species and thus have often remained isolated, but have 
further broken up and formed new species. The races of mankind 
have always been, so far as known, fertile, and new varieties have 
been formed, not only by the segmentations of one of the old stocks, 
but by combinations of those already established. There has always 
been present, therefore, in classifying mankind, the difficulty of 
drawing boundaries which would be universally acceptable. An¬ 
other point which may be assumed as settled is the fact of man's 
enormous antiquity. This is held to imply that in his very earliest 
history he rapidly spread over the earth, where, in the various great 
geographic provinces racial differences slowly developed, and in 
groups especially isolated peculiarities were developed along special 
lines or in special directions. Nor is there any longer question of the 
main great facts of man's ancestry; for with the advances in soma¬ 
tology, comparative anatomy, embryology, and paleontology, man's 
place has become fixed with the belief in the fundamental unity 
of all organic nature. 

Although Tyson in the seventeenth century anticipated much 
which was not until long afterward discovered, concerning the com¬ 
parative anatomy of man and apes, it remained for Linnaus, who 
has been called the father of the descriptive natural sciences, to pro¬ 
pose the first scientific scheme of classification of mankind into races, 
the basis of his classification being geographic. He distinguished 
the American, the European, the Asiatic, and the African. In this 
connection it is interesting to observe that, although the extent of 
somatological observations was at that time very limited, Linmeus 
recognized apparently the fact that geographical position, that is, 
continuity of place, should never be lost sight of in classification. 
It is also to be noted that in this classification, as indeed with many 
classifications which follow, the basis was according to the general 
appearance, including color of the skin, form, and color of the hair 
and eyes. Closely following Linnaus was the classification of Blu- 
menbach, who did for man what Buffon and Linnseus did for the 
animal and plant world, in which the basis still remained geograph¬ 
ical. The races according to Blumenbach were the Caucasian, Mon¬ 
golian, Ethiopian, American, and the Malayan. While Blumenbach’s 
class; »catioii is based upon somatological peculiarities as well as 
upon a geographic basis, it has the great merit of having stood the 
le : of time better than any other of the earlier schemes of classi- 
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fication. As has been pointed out by Ehrenreich, the five great 
races which he recognized actually existed. Nor did he divide 
races which belonged together. It may be noted, however, in pass¬ 
ing, that the anthropological position of certain blacks in India and 
of the peoples of Australia, which have sorely puzzled somatologists, 
were not known to the science at that time. Above all, it must be 
noted that Blumenbach’s system was based on scientific observations 
in which the form of the face entered for the first time. 

Following Blumenbach’s classification was that of Cuvier, who 
recognized but three great races, namely, the Caucasian, European, 
and the Mongolian, the basis of classification being the color of the 
skin. In this classification Cuvier readjusted the races so as to 
include within the Mongolian the Malayan and American, which 
two were thought to be inferior by Blumenbach. 

In considering the later history of the schemes of classification 
it is not necessary to follow a chronological order; nor is it ad¬ 
vantageous at this time to consider, even briefly, all of the schemes 
proposed. As a matter of fact, classifications which follow were 
modifications either of that of Liimseus, Blumenbach, or Cuvier, 
each modified by the peculiar point of view taken by the observer. 
One of the earliest and the most important of the later students 
was the Swedish somatologist Ratzius, who in 1840 proposed for 
the first time the cephalic index, and who classified mankind ac¬ 
cording to their heads as long or short. With this, the beginning 
of craniometry, many somatologists came forward from time to 
time, each, by some new scheme of measurements, proposing to 
solve what heretofore had seemed incapable of solution. With the 
contribution of Kemper, Lucse, Broca, Wclckcr, von Torok, Sergi, 
and von Holder, each adding a new and often important addition 
to metric methods, the solution of the problems of classification 
seemed more and more near. In the mean time skulls and heads 
were measured by the countless thousands, but none of the methods 
proposed stood the test, for it was found that craniology, instead 
of solving problems, complicated them. As a result craniology fell 
into ill repute; and it was right that it should, for the determina¬ 
tion of types and races of mankind is not to be done with only the 
calipers. 

Without considering further the history of classification, it may 
be stated as a fact that probably no three classifications which 
might be proposed by the ten most prominent anthropologists 
living to-day would be found to coincide. The reason for this is 
perhaps due in large measure to the fact that neither the basis of 
the classification which the ten might thus propose would agree, nor 
would their criteria of what constitute a race be identical. It may 
therefore be profitable to consider for a moment this aspect of the 
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question. Terms which are indicative of divisions according to 
linguistic or ethnic bases are too often confounded or confused 
with those which relate to the somatological side of the subject. 
Thus, the terms tribe, stock, nation, are in reality based on con¬ 
tinuity of language. With such terms somatology is not concerned. 
When a number of individuals, each with his own individual varia¬ 
tion, differ sufficiently from their neighbors that they may be dis¬ 
tinguished by means of well-marked and easily recognized peculiar¬ 
ities, we may speak of them as a type. When we find a group of such 
types all having something in common and all occupying a geo¬ 
graphic continuity of habitat and all having a similarity of anatomic 
traits which mark them from all other groups of mankind, we may 
speak of such a group as a race. We may therefore define races 
as the principal divisions of mankind, and types the varieties of 
these main divisions. 

Such being our definition of race, we have certainly at least five 
races, the Caucasian, including peoples of the north of Africa, the 
African, the Mongolian, the American, and the Oceanic. Probably 
to be added to these should be the Australian, and possibly the 
Papuan. In considering in a general way the characteristics which 
indicate this classification of mankind into six races, we are at once 
brought face to face with the idea expressed by Topinard, who 
says that people alone are real, types and races are conceptions. 
In other words, Topinard denies the objective existence of races, 
and maintains that the term is an abstract definition. Thus he 
would define the type as an abstract picture, from which we form the 
ensemble of characters expressed in a group, or, again, the type 
of a group is the ensemble of characters which are attributed to a 
type and which distinguish it from other types. Topinard further 
insists that continuation in time constitutes one of the chief charac¬ 
teristics of the race. Actual types exist at the moment when they 
are determined, and to prove the reality, that is, the objective 
existence of a race, it is necessary to determine both the type, based 
on a wide complexity of marks, and the proof of the continuation 
in time of the descent or relationship in blood. 

Enough has been said to indicate the character of the require¬ 
ments which shall determine our classification of mankind into races. 

We return to a more definite consideration of our main theme. 
The great problem of somatology has already been defined. It re¬ 
mains to consider the details of the problem, noting the methods 
applicable in the solution of them. 

What are the races of mankind? What are the types, the com¬ 
posite pictures which represent in the abstract the picture of these 
combined types? Above all, what are the causes which make types 
and races? It would seem that two great factors have been at 
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work in determining the trend of man’s development since his 
appearance on earth. First is heredity, which, according to Brin- 
ton, decides the individual’s race and trend and potentially inclines, 
if it does not absolutely coerce his tastes and ambitions, his fears 
and hopes, his failure or success. Second, geographic environment, 
which works by modifying individuals, and hence types and races. 
The potentiality of either of these two factors is not yet known, 
and these are two of the great problems of which a solution will 
be of utmost importance not only in determining the classifica¬ 
tion of the races of mankind, but in helping to solve that much 
more interesting problem of the explanation of races. For the 
solution of both the problem of heredity and of environment, new 
and more extended observations are required, these observations 
to be made with the direct purpose of investigating the subjects 
at issue. Are we to look to external conditions or to the trans¬ 
mission of individual peculiarities as the predominating factor 
which is to determine the division of mankind into varieties ? The 
problems of the origin of man, formerly so much debated, appar 
ently will solve themselves when we have determined the solu¬ 
tion of the problem as to the reason for the existence of races. 
Certain of the problems of somatology may also be said to have 
a bearing upon the future of mankind. Thus we may not lose sight 
of the fact that man is exterminating not only lower animals, but 
that he is to-day exterminating certain of the lower races, and it 
is certainly worth considering what the effect on mankind will be 
of the exterminating going on to-day at such a great rate among 
the Javanese, the Papuans, the Maori, the Marquesans, the Austra¬ 
lians, the Hawaiians, and many, if not the majority, of the native 
tribes of India, Australia, North, Central, and South America. “If,” 
as Hall has said, “an ounce of heredity is worth a hundredweight 
of civilization or schooling,” is it making for progress of mankind 
that this extermination is going on so rapidly? Is it a problem 
for the somatologist to consider what would have been the result 
for the future of mankind if the powers in 1840 could have agreed 
upon terms and have divided up Japan? Is it a problem, or is 
it simply a fact, which we cannot change if we would, that the 
highest representatives of our boasted civilization to-day are actu¬ 
ally not reproducing their own numbers; that the progress of the 
white race is making for its own overthrow and final extermination? 
It is easy to propound similar questions of grave import, touching 
upon the future of mankind, especially upon the future of certain 
races, but it seems doubtful at best if a solution of such problems 
will result in actual benefit. The great problem of the future of our 
commonwealth seems to depend largely upon the solution of certain 
fundamental questions of somatology, such as the effect of the mis- 
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cegenation of races, the future of the black race on this continent, 
and above all the problem of the possibility of the acclimatization 
of the white race in the tropics. Such problems, apparently be¬ 
longing to the realm of somatology, must rather be considered by 
the statesman, who, indeed, may with profit apply for data to the 
soraatologist. The pure problems of somatology are racial: the 
determination of the physical classification of the races of mankind, 
their origin, development, and explanation. Other problems which 
are to have great influence upon the future of the race have to deal 
with the causes of heredity and environment which may make for 
a higher physical type, and indeed in this problem enters the ques¬ 
tion as to what constitutes the highest physical type, whether it be 
stature, size of the brain, perfect adaptability to an upright gait, 
color of skin, range of vision, acuteness of hearing, or sensitiveness 
of taste and smell. 

What is the material available and applicable for the solution 
of some of the problems which have been proposed, and what of 
the methods which will best record, and especially contribute to¬ 
ward the ultimate end of the solution of the problems of somato¬ 
logy? The study of the races of the earth has been most extended, 
but nevertheless has not been exhaustive. While anatomic obser¬ 
vations and somatological data for many peoples in North and South 
America and for great portions of Europe, and certain islands 
of the Pacific, are available, yet even such observations, when we 
consider the magnitude of the problems involved, fall far short 
of the requirement. Observations of the internal anatomy of the 
races of mankind are so scant as to be up to the present time 
almost worthless in forming any extended deductions. Measure¬ 
ments of skulls and skeletons have been made by the thousand, 
and upon representatives of practically every type on the globe; 
but it is only recently that the value and especially the correct 
method of making such observations have been determined, and 
it therefore becomes necessary not only to remake many of these 
measurements, but to extend the work in a more systematic and 
far-reaching manner. Of the causes and extent of influence of the 
two great factors already alluded to, namely, heredity and geo¬ 
graphic environment, but little progress has yet been made, al¬ 
though recent investigations of Galton and Pearson have opened 
up new paths in the study of heredity which are bound to throw 
much light upon the problems which demand investigation. Again, 
observations relating to the investigation of the laws of the ad¬ 
mixture of races are still very scant, and the observations which 
have so far been made are so few in number and of such a desul¬ 
tory character and cover such a brief period of time as to be only 
of value as indicating in a general way what we may hope to learn 
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from a more carefully conducted series of observations. In another 
field from which great light may be expected, — namely, the in¬ 
vestigations into the laws of growth, much has been done, espe¬ 
cially by Boas and his collaborators, relating to the laws which 
determine the rate of growth of children, yet the problems of far- 
reaching importance are almost entirely without means of solu¬ 
tion. The need for observations on this subject is most important 
and pressing, and in such observations should be included full 
data relating to mortality, nutrition, and occupation. 

What, finally, we have to ask, are the criteria, or rather the 
methods applicable for the solution of the fundamental problem 
of somatology? As already indicated, general appearance, such 
as form, color, etc., sufficed for the first classification of man¬ 
kind. Later these general observations were supplemented by 
studies on the skeleton, especially the skull. The ease with which 
the skeleton could be studied and the fact that our knowledge of 
extinct races was based entirely upon the skeleton led to the great 
development of the application of the metric method, and em¬ 
braced within what is usually termed craniology. The ease with 
which such methods were pursued, and the infallibility, as was 
first supposed, of the results of such investigations had a tendency 
to increase enormously the number of measurements taken, and 
this led to an almost total disregard of systems other than the 
skeleton in the study of the anatomy of man. So eagerly was the 
metric method pursued that it may be said fairly to have gone to 
seed, and the result was svich that no less eminent somatologist 
than Ehrenreich questioned whether the methods of craniology 
were worthy of serious attention. Nevertheless it is true that crani¬ 
ology has proved, and will prove to a larger extent, when used 
properly and intelligently, of the very greatest assistance in de¬ 
fining types, although apparently it is destined not to play an 
important part in the classification of those larger groups of man¬ 
kind which we call races. It must be admitted also that up to the 
present time the metric method has discovered no criteria which 
will enable us to distinguish individuals of one race or type from 
those of another. Hence the claim has been put forth that the 
characteristic features of types were not stable; that they were 
influenced to such an extent by both geographic and social en¬ 
vironment that the results derived from craniology were not trust¬ 
worthy. As a matter of fact, it is not the fault of the method, but 
rather the lack of a sufficient amount of observation which, up 
to the present time, has made it impossible for us to give an accu¬ 
rate and exhaustive description of the somatological characters 
of groups of individuals from one locality which will enable us to 
identify them without difficulty. Metrical data, the observations 
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being recorded properly and with due deference to the laws of the 
correlation of growth, will make possible a graphic representation 
of the distribution of forms in certain groups which, hence, may 
be characterized, and thus the subject may assist in a most mate¬ 
rial manner a classification of types. In connection with the use 
of this method, however, it must again be insisted that before it 
will yield the greatest good, and especially before we may draw 
conclusions which may not be controverted, it is necessary to solve 
the problem as to whether muscular and social development modi¬ 
fies individuals or whether their physical structure is due prima¬ 
rily to heredity. While, as already pointed out, it seems highly 
probable that social or geographical environment may and does 
influence muscular development, which in turn exerts a certain 
influence on the skeleton, yet never great changes of form result. 
On the other hand it has been shown by Galton and Pearson that 
heredity is the chief factor in accounting for the physical char¬ 
acteristics of the individual. Only upon such a supposition, as 
Boas has pointed out, may we account for the types found in the 
northwestern area of the United States, where we find a similar¬ 
ity of geographic and social environment, but diverse and easily 
recognizable physical types. Nor can we account for the distribu¬ 
tion of types in Europe except upon the belief that heredity has 
been the chief factor. The data afforded by metrical observations 
must therefore be regarded as supplementary to a verbal discus¬ 
sion which at best is often vague. Furthermore, the measurements 
used should be such as to contribute to the solution of the pro¬ 
blem at hand. This use of measurements to supplement verbal 
descriptions by defining more sharply certain peculiarities will 
prove of the greatest value, but the measurements should be se¬ 
lected with this end in view. In other words, the methods pursued 
in metrical investigations should have a biological significance. 
It is to be noted also that the averages have not an equal value 
with that of tables wherein measurements are so arranged as to 
show frequency of forms in the group or groups under considera¬ 
tion. With such a view we are able to see at a glance the distribu¬ 
tion of forms, and thus determine the variability of the group. 
From this knowledge we may arrive at an idea of what constitutes 
the prevailing type, thus furnishing an idea of the degree of the 
homogeneity and permanence of the type. Observations thus 
made have additional value, for they contribute toward the solu¬ 
tion of certain problems, such as the tendency of distinct types to 
persist, even though they have been crossed. Further analysis of 
the distribution of measurements will afford the means of com¬ 
paring the types of adjacent geographic areas, and help to deter¬ 
mine the blood relationship of these types, and hence ultimately 
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the blood relationship and consequent origin of races, and finally 
of mankind itself. This extension of the metric method, however, 
implies and emphasizes the need of a much more extended ob¬ 
servation, the lack of which delays our knowledge of the distri¬ 
bution of types among the great races; and hence we return once 
more to the fact that to ascertain the distribution of the types 
and races of mankind is the fundamental problem, embracing in 
its scope all problems of somatology; and this problem requires 
immediate and earnest attention and widely extended investiga¬ 
tion. 
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The Organizing Committee of the International Congress of 
Arts and Science appointed me to deliver an address on archeology 
in its relation to the other sciences. The honor conferred on nie was 
so great, that I could not but accept, I intend therefore to speak on 
this interesting subject, laying special stress on Mexican archeology. 

Archeology is generally considered as a science of curiosity, 
and bringing no practical results. The common belief is that it 
only arises from the wish common to every people of knowing its 
past. Each people would know whence it has come, just as man 
strives to learn who his forefathers were. In spite, however, of this 
belief, every day sees a greater increase in archeological studies; 
and the nations of the world to-day — especially those which enjoy 
a more advanced state of civilization — undertake nothing which 
is not useful, and which does not produce practical benefits. And 
we may ask ourselves, what can these be in archeology? The 
answer will be found in the study of its relation to the other sciences 
and arts. 
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No one can possibly deny the priceless services bestowed on 
history by archeology. Primitive man had no other means of re¬ 
cording his history than oral tradition. With the advance of time 
this latter necessarily underwent a process of adulteration; and 
legend then took its place, at first quite comprehensible, but later 
on confused and unintelligible. Even the nations who were able 
to form a system of writing, and left us a record of their acts, whether 
in documents or in sculptural inscriptions, as they disappeared, 
took with them the key to their history, leaving behind in the 
memory of man but faint recollection of their former glory. The 
study of their documents, heretofore incomprehensible, and of 
their inscriptions, the fruit of endless toil, came to supply what 
was lacking in their vague traditions: and in certain cases, such as 
Egypt, to produce a true history. Archeological investigations 
often succeeded in elucidating legends, leaving in their place his¬ 
toric facts. The excavations in Crete are teaching us the Hellenic 
origins; while the exploration that is being carried on at Abydos, 
Troy, Babylon, Nineveh, and other famous places in the East, are 
now shedding the first beams of light on the darkness of those past 
ages. And so, thanks to archeology, humanity’s real life is being 
deciphered. Archeology should take its place in the front rank of 
the most advantageous sciences, solely through this priceless service, 
which satisfies man’s zeal in his search after the knowledge of his 
past, so that he should not feel that he had been born into the 
world without antecedents, like the tree which springs up all alone 
on the immense plain, or like the stone torn from the mountain 
side as it rolls down in its solitary flight. 

No more fitting expression could be found for this all-important 
object of archeology, than the words of M. Babelon, when speaking 
on the monuments of Suse. “A new chapter in the history of hu¬ 
manity,” he has said, “has been opened and is about to be written, 
as a consequence of the archeological discoveries in Persia.” And 
to this I add that archeology will eventually write every chapter 
of that great book, the Bible, of the history of man all over the 
world. 

So far as Mexico is concerned, the benefits derived from arche¬ 
ology have been most advantageous. It affords me great pleasure 
at this point, to express publicly our debt of gratitude to those 
great scholars of different nationalities, who have by their studies 
enriched our history, names like Putnam, Holmes, and Payne; the 
Count of Charencey, Seler, and Forstemann; Cyrus Thomas, Mrs. 
Nuttall, and Miss Fletcher; Maudsley, McGee, and Goodman; and 
a countless host of others which it would take too long to enumerate. 

The ancient Mexicans and the other peoples, especially the former, 
who prior to the conquest occupied the territory of Mexico as it is 
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to-day, had more abundant sources for the formation of their his¬ 
tory than did many of the nations of the Old World. Dating from 
the very first years of colonial adminstration, we have several monks 
who devoted themselves to writing it, such as Motolinia, Sahagun, 
and Duran. Their method of work, as Acosta and Sahagun tell us, 
was to gather around them all the Indians who had any particular 
knowledge of the subject. These latter related to them the facts 
as they had been verbally handed down from generation to gen¬ 
eration; as the custom was in the sacred colleges called calmecac, 
to form the history, making the pupils commit it to memory, so 
that these should in their turn hand it on to the succeeding genera¬ 
tion. 

Thus was it possible to write the history of the Aztecs in its exact¬ 
ness of detail, beginning with their pilgrimage, until the arrival of 
Cortes. Not only the first monks, but native writers as well, such as 
Tezozomoc, Chimalpain, and Castillo (this latter wrote in Mexican 
and must be regarded as an Indian), were the authors of important 
chronicles. In some cases they were lineal descendants of the kings 
themselves or of high personages, and so had at their disposal the 
family traditions and what remained of the hieroglyphical archives. 
The works, therefore, which they produced are of a most important 
nature, such as those that Pomar and Ixtlilxochitl wrote on the 
Kingdom of Texcoco, and Mufioz Camargo on the Republic of 
Tlaxcala. 

In local reports, such as those written by order of Philip II, and 
which towards the end of the sixteenth century constitute a de¬ 
tailed statistical work of New Spain, not possessed in those days 
by the most enlightened nations of Europe, and in the chronicles of 
the convents of different towns, historical facts of great importance, 
gathered together by tradition, lay scattered. These facts, collected 
by Burgoa for the Zapotecas, La Rea for the Michoacas, Ptfrez 
Rivas for the Northern Provinces, Remesal for Chiapas, and others, 
furnish us with valuable historical data. 

And yet, in spite of so many elements, our ancient history would 
have been incomplete, had not archeology come to its aid. 

To begin with, the study of the hieroglyphical codices, as they 
were deciphered step by step, has taught us much. The Band con¬ 
taining the Aztec pilgrimage has now settled the number and 
names of the wandering peoples, when and why they seceded, the 
course of their journey, the settlement and defeat of the Mexicas at 
Chapultepec and how they were later driven from Culhuacan: while 
the map of this same pilgrimage, recently recovered by the Museum, 
one of our oldest and most authenticated hieroglyphical paintings, 
has fixed with great exactness the facts which preceded the founda¬ 
tion of the City of Mexico, Tenochtitlan, even in its minutest detail. 
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The maps of Xolotzin, Tlotzin, and Quinatzin complete the history 
of the Texcocans, being of a most interesting character, inasmuch 
as they graphically describe the troglodyte life of the Chichimecs. 
In the Dehesa Codex we have presented to us the journey and con¬ 
quests of the Zapotecans, while the Porfirio Diaz furnishes us with 
their campaigns against the Cuicatecans. And there are yet many 
other paintings which supply us with valuable information for our 
history. 

The inscriptions or reliefs in stone, almost as yet undeveloped 
by man’s study, have contributed in no small degree towards this 
end. It will suffice our purpose to mention the Stone of Famine 
and the Cuauhxicalli of Tizoc, both in the hall of monoliths of the 
National Museum of Mexico. The former has indisputably fixed the 
dates of that calamity, which was on the point of exterminating 
the ancient Aztec race. The latter has corrected erroneous tradi¬ 
tions about King Tizoc, presenting us with the series of his vic¬ 
tories and conquests. 

In this way will archeological studies, especially when the ex¬ 
plorations in our ruins and monuments can be conducted on a truly 
scientific basis, complete and correct our ancient history, of no less 
interest and instruction than those of the primitive peoples of the 
East, whose investigation is now so rightly the subject of scientific 
research. 

But if archeology is a great aid in the study of history, anthropo¬ 
logy, the science of man, is all the more so. Man has ever striven 
to learn all that surrounds him, fathoming the mysteries from 
pole to pole. With gaze steadily fixed on the firmament, he has 
endeavored to learn how the sun and the moon move; later to 
ascertain the courses of the planets; then the laws governing the 
motions of the heavenly bodies, from the Milky Way to the tiniest 
star. He has dared to force his way into the bowels of the earth, 
to rob from her her treasures; he has studied her marvelous form¬ 
ation; he has traversed her aged forests; has classified her fauna 
and her flora; he has plowed through her lakes, her rivers, and 
her seas, making himself the lord and master of the whole world: in 
a word, man has, in that small cavity of his brain, imprisoned the 
immense universe. 

There yet remained for him to study the grandest and noblest; 
man furnishing a subject of study for man. He has ever regarded 
himself as the most worthy, most perfect, and most sublime creature 
of creation, or, in the words of the Bible: “God made man in his own 
image and likeness." To make man in the likeness of God is to 
deify him. 

When f'ie primitive peoples, after worshiping animals, passed 
fr^m this zoolatry to the worship of trees, and later to that of the 
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mountains, reaching at length that of the celestial bodies, — for all 
the while their mental faculties were continually developing, — wished 
to give to their divinities some material form, to raise in their 
honor temples and pyramids, and finally to organize their religious 
rites, they clothed these superior deities, the product of a superior 
intelligence, with human shape. Man in his turn made the gods in 
his image and likeness. 

Following this idea, it is illogical to confine the science of man to 
his study as an object of natural history or as an animal. Somato¬ 
logy and ethnology, and consequently ethnography, doubtless belong 
to it also. Man has not only a body, but natural faculties as well, 
which cannot be left out of reckoning in his study. He thinks, he 
has an ever active brain. The collection of his thoughts forms his 
philosophy, just as his method of thinking makes his logic. He has 
a heart, and feels, and of these feelings his morals and religion are 
bom. One of his most beautiful faculties is the power to express 
what he thinks and what he feels. If he does this by means of speech, 
grammar, oratory, and rhetoric belong to the science of man. But 
he may also express it by means of writing, and then poetry, and 
literature in general, are also to be considered as forming part; or 
again, he may give his thoughts to the world through painting, 
sculpture, and the other esthetic arts. If we should not ascribe a 
conventional meaning to these names, but only what truly corre¬ 
sponds to them from their component parts, in anthropology should 
be included all the subjective sciences. 

I may perhaps seem overbold in thus introducing an innovation 
in the already established methods; but if we should consider man 
in a special way, we must take into account all that is his, treating 
separately the objective, what is apart from him. *So then, con¬ 
ceived in this light, archeology is not only a great aid to anthropo¬ 
logy; but an absolute necessity towards its perfect knowledge and 
complete development, in every way one of the branches which 1 have 

mentioned. 

Let us begin by studying the human races, one of the most im¬ 
portant objects of ethnology. 

Isolated and differing traditions, perhaps correct, but still im- 
perfect, furnish us with but vague ideas as to man's origin and 
distribution over the face of the globe. On this point history is 
silent; that does not come within its sphere; it can only record 
facts united to a clear and exact chronology. The cosmogonic epochs, 
designated by the Nahuas as Suns, have only been known through 
the study of the hieroglyphics. 

Four pages of a codex preserved in the Library of the Vatican 
teach us that the first epoch was known as Atonatiuh, or the Sun of 
Water; that towards its end, the world perished by a flood, the 
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catastrophe having occurred on the day madacdi ad of the score 
atemozdi. Perhaps this corresponds to the sinking of Atlantis. 
The second was the Sun of Air, or Ehecatonatiuh , in all probability 
relative to the glacial epoch, which lasted 810 years, ending on 
the day ce ocelod of the score pachdi. The third was the Sun of 
Fire, or Fletonatiuk, corresponding to the epoch of the great vol¬ 
canic eruptions; it was 964 years in length, having ended on the 
day chicunahui oUin of the score xilomanilizdi. And lastly, the Sun 
of Land, or Tlaltonatiuh, which extended over a period of 1046 
years. In this way archeology has revealed to us that-the Nahua 
existence race was in 3877 years before the Christian Era, which 

would make it to-day 5781 years. 

It is evident to all that the question of the migrations of the 
first peoples is one of the gravest, and which has always occupied 
the attention of scholars. So far as it is concerned, there exist 
ancient traditions, of general acceptance in the Old World, but which 
do not satisfactorily explain man's march across time and space. 

On the continent of America, and especially in the territory em¬ 
bracing the republics of Mexico and the United States of to-day, 
there recur with great frequency traditions with regard to the 
coming of certain races which traveled south from the latter to the 
former. Historians of the seventeenth and eighteenth centuries 
present us with the course which the journey of the Toltecs took; 
while those of the sixteenth had already mentioned the pilgrimage 
of the Aztecs. But these are relatively modern facts which are 
within our era: even so, however, the journey of the Mexicas has 
only within very recent times been definitely fixed, owing to the 
exact deciphering of the painting known as the Historical Hiero- 
glyphical Chart of the Aztec Pilgrimage. 

But still more is due to archeology. I have already, in my Ancient 
History of Mexico, twenty years ago, called attention to the following 
facts. Everything tends to prove the very ancient union of the 
continents, and the existence of Atlantis. In those remote ages 
negroes were to be found in our territory, as is proved by the colos¬ 
sal head of Hucyapan and the gigantic axe from the coasts of Vera 
Cruz. From the most ancient times a race appears on our con¬ 
tinent, perhaps autochthonous, monosyllabic and represented in 
Mexico by the Otomies, remnants of which are to be found to the 
present day. The first foreign invasion, at any rate so far as the 
north is concerned, coming probably over Atlantis, took place cen¬ 
turies ago, and was of a race of agglutinative speech, which was after¬ 
wards called Nahua. The three following facts, all well substantiated, 
are worthy of note: that there exists a Tula in the south of Russia; 
that in the Caucasus there are vestiges of an arithmetic counted bv 
scores; and that there are to be found in that region a people whose 
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language has the consonant tl: all of these peculiarities being 
proper to the above-mentioned Nahua race. As this race extended, 
it must necessarily have driven the autochthonous race towards 
the north and west. The analogies existing between the customs, 
anthropological characters, and traditions of the peoples of northern 
Asia and America, are well known. If the Esquimaux could cross 
from one continent to another, it is but logical to believe that the 
monosyllabic peoples, driven out by the Nahuas, in very remote 
times crossed from the northwest of America to the northeast of 
Asia, and advanced into the latter, extending from east to west, 
as is borne out by their historical records. Later, in the age of the 
worked stone, and perhaps when copper was being used, the Chanes 
came to the region of the Uzumacinta, in boats, according to tra¬ 
dition. On mixing with the monosyllabic race, Mam or Mox, they 
not only formed in that territory a new ethnographical body with 
a language of its own, but by its development and the natural law 
of expansion, they extended as far as the two isthmuses, and, pass¬ 
ing what is now known as Tehuantepec, continued in a northerly 
direction. 

The idols with nasem foupd in Michoacan prove that they reached 
as far as there and were stopped in their advance by the Mecas, 
inhabitants of Xalixco. In the east they continued along the present 
territory of Vera Cruz, passing beyond La Quemada in Zacatecas. 
In structure, these ruins are closely connected with those of Ak6 
in the Maya Peninsula. It is, therefore, an absurdity to call them 
Chicomoztoc, as this would be to attribute them to races which 
neither passed thither, nor even ever had an idea of their existence. 
The theory that the races from the south followed the coast-line 
and went up the Mississippi is not without a certain amount of 
foundation. This fact appears to be proved by the kind of con¬ 
structions of the mound-builders, the character of the carved shells 
found in them, certain traces in the linguistics, and many other 
such circumstances. Then, the invasion towards the north from the 
east drove the ancient tribes towards the west, while these in their 
turn emigrated to the south, one of the first of such migrations 
being that of the Xiuhs, who set out on their journey in the year G2G 
before the common era. Having reached the southern portion of our 
territory, they produced, by their union with the peoples already 
existing there, that marvelous civilization, as revealed in the ruins 
of Yucatan and Palemkc. 

As I have already stated, the linguistics confirms all this. The 
craniological explorations conducted by Professor Hrdlicka have 
come to prove the traditions, so far as refers to the Nahuas. 

Archeology has thus made great advances in so important a sub¬ 
ject as that of the migrations; nay, more, it will, so far as is possible. 
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explain how man was born into the world and how he extended 
himself all over it. 

Science also can say: “Fiat Lux.” 

But if man’s material life, to call it so, is plainly reflected in the 
study of the migrations, his intellectual life is chiefly made known 
to us by the evolution of his religious ideas: and on this point as 
well, the aid of archeology is of equal importance. Much light 
has been thrown on the subject by the explorations of latter years 
on the old Continent. The studies of our antiquities have settled 
beyond a doubt the Indian theogony. The Maya chroniclers of the 
seventeenth century had given us but scant information, indefinite 
and unclassified at its best. By the labors of Schelhas, Brinton, and 
Gunckcl, great strides have been advanced in a relatively short 
space of time. Taking these as our point of departure, penetrating 
into the spirit of the hieroglyphics and inscriptions, and comparing 
them with the corresponding Nahua ideas, which are half hidden 
in bizarre tales and strange codex paintings, we have been able to 
lift a corner of the veil of that astronomical theogony, as mysterious 
as the night on which the awestruck eyes of men created it. In 
the black vault of heaven the bright, stars, like luminous pupils 
of invisible gods: on earth, above the teocalli, the piercing eyes 
of the astronomer priests, like dazzling stars such as might have 
fallen from the skies. From this clash of lights, men’s eyes and 
stars, there was kindled that first spark of uranic religion. 

Man, in proportion to the development of his brain, continuously 
raised his gaze: at first it was directed earthward to the animals 
that walk on the ground; next to the trees that lifted their graceful 
tops to the wind; then up to high peaks crowned with eternal snow; 
till finally it rested on the sky. 

There was then formed a majestic —one might almost say heavenly 
— astronomical religion. The father creator was the sky, Xiuh- 
tecuhtli, the azure lord; the mother was Omecihuatl, the double 
woman, the Milky Way. The former worked on the latter by means 
of fire; and from their cosmic matter the stars were loosened; the 
chief of which were the sun, Tonatiuh, the moon, Tezcatlipoca, and 
Venus, Quetzalcoatl. These they made their greatest gods. In order 
to worship them, they “represented them as anthropomorphic:’’ 
they represented them in human shape. Myriads of statues of deities 
were then made, now of clay, now of wood, now of stone; and so 
idolatry necessarily came into existence. The Indians were able 
to arrive at an astronomical worship; but their psychological lim¬ 
it ■><ions hindered them from penetrating beyond the veil of materi- 

lism. They had worshiped animals because they could see and 
noid them; the trees they could touch; the mountains where their 
feet ascended; the stars their eyes beheld. Yet did they not advance 
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as far as abstract ideas; they had no spiritual conceptions. To 
designate the spirit, they used in Nahua the word ehecatl, while in 
Maya the word ik: both terms denote the air. The air is undoubtedly 
the least tangible of material bodies; but the Indians could feel it 
as it gently fanned their faces. If I may be permitted the expression, 

I shall say that their spirits were corporeal. 

All was born of the Milky Way, and all returned to it. From . 
this materialistic pantheism and from this idolatry of stone gods, 
there had to come at length an absurd fanaticism, a black fatalism, 
and a dreadful worship of blood. 

But the adoration of the three stars brought along with it a 
marvelous chronology. The Nahua priests, and following their 
example the Maya, combined in a truly amazing manner the cal¬ 
culations of Venus, the Sun and the Moon, forming a perfect cycle 
system. It is a matter to cause us wonder and surprise, how, destitute 
of adequate instruments, and only through the constant observa¬ 
tions which they conducted by night from their elevated teocaUis, 
were they enabled to state precisely the synodical revolutions of 
Venus, which they fixed at 584 days; and adding together five 
of these revolutions, they found that they were equal in length 
to eight solar years: hence they had a basis of calculation for the 
formation of the different cycles. But there yet remains more to 
tell: as they observed that the calculation of the synodical revo¬ 
lution of Venus was not exact,— being in reality 583.92, they 
made the corresponding correction, for which they changed the 
octennial feast called AlamalcualizUi , which is proved by the paint¬ 
ings of the Borgian Codex. 

Centuries prior to this, they had introduced the leap-year: they 
had noticed that there was an error in calculation, and so they added 
either sixty-five days in every great cycle of 1040 years, or thirteen 
in every XiuhmolpiUi of fifty-two, or again one in every four, ac¬ 
cording to the various methods of intercalation: and in the year 
1454 of the common era, in the reign of Motecuhzoma Ilhuicamina, 
the Mexicans corrected this error, as is proved by the above-men¬ 
tioned Borgian Codex, as well as by the stone cylinder existing in 
the Hall of Monoliths of the National Museum of Mexico. 

I am not in a position to affirm whether, after the conquest of 
Mexico, the system of the Indians, having become known in Europe, 
influenced the astronomer Luis Lilio and contributed towards the 
making of the Gregorian correction in 1582, one hundred and^twenty- 
eight years after the Mexicans had already adopted it. The fact 
x remains, however, that the European calculation, actually in vogue 
at the present day, is not so perfect as was that of the Indians. 
According to this latter a leap-year was omitted every 130 years, 
as we see by the Bologna Codex, or eight days at the end of every 
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great cycle of 1040 years, according to the Borgian Codex. By this 
simple method stated by Fdbrega and Baron Humboldt, and cal¬ 
culated by Orozco y Berra, a period of 23,000 years would have to 
elapse before there were an error of a single day. Our archeological 
calendar may yet bestow great services on modem chronology. 

What causes us most wonder is how the priests could, in a book 
of seventy-six pages, store up all the treasures of their astronomical 
science, expressing their ideas by means of strange figures; as they 
have done in the case of the Borgian Codex, few fragments of which 
have we been able to decipher: but should the day ever come 
when all is deciphered, what portentous secrets will it then disclose 
to us I 

Man does not live alone on the earth; by a law of nature he is 
ever in the company of his fellow men: and that science, therefore, 
which treats of the constitution, phenomena, and growth of the 
human society is indeed an important one. On this subject arche¬ 
ology has extended effective help to the researches of scholars. 
It is not my purpose to present to the Congress what might be 
termed archeological sociology; nor shall I speak of the organiza¬ 
tion of the ancient Indian peoples, nor of their civil and penal laws, 
nor of their conception of international law, nor of their pochtecas, 
both merchants and ambassadors at once, the institution of which 
creuted a special mercantile right; nor shall I treat of the ideas of 
the Mexicans with regard to the family, property in general, and 
their laws of succession; nor of the division of work, nor yet of the 
professions; I shall not speak at length on their views with reference 
to authority, nor how this was exercised in the various public 
services, nor how the taxes were levied and collected, and how 
they have set this forth in hieroglyphical codices: the limits to my 
address would not permit of so much. I shall therefore direct my 
attention solely to demonstrating the relation existing between the 
two sciences, archeology and sociology, as viewed in two different 
cases. 

The philosopher Herbert Spencer stated that the Mexicans al¬ 
ways shared their rural property in common, and consequently 
had never conceived the possession of private land properties. 
A codex which I have already published, the parallel of which 
exists in the National Library of Paris, graphically shows us the 
different lands of varying extent, granted to the conquerors of 
Azcapotzalco by the kings of Mexico, Itzcoatl, and Moteczuma. 
Each plot of land has both its name and that of the owner inscribed 
on it in hieroglyphical characters. Thus has archeology been able 
to correct an error of the great Spencer. 

The other fact is more transcendental. A school has been formed, 
which condemns the conquest of America by the Europeans as an 
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unnecessary factor in the progress of humanity. The essential 
ideas of the said school can be summed up in the following words 
of my old friend Dr. Brinton, whose death all we Americanists 
deplore. On a similar occasion to this, he said: “The native Ameri¬ 
can was a man, a man as we are men, with the same faculties and 
aspirations, with like aims and ambitions, working, as our ances¬ 
tors worked, endeavoring to carry out similar plans with very 
similar means, fighting the same foes, seeking the same allies, and 
consequently arriving at the same, or similar results! 

Let us see what the ruins have to tell us on so important a point. 
Let us read those pages of stone. We shall select the best, those 
of Palemke with the valley of Usumacinta, and the famous ruins 
of Yucatan. They belong to one race, the Maya: and are to be 
found in two neighboring states of our republic, whose area covers 
an extent less than one hundredth of that portion occupied by 
the very same Mayas, Nahuas, and autochthonous Otomies. We 
are engaged there with a relatively small portion of land. Now 
then, even with reference to one race and to a territory not ex¬ 
tensive, the ruins, if they bear traits of similarity, reveal various 
autonomies and different governments. Palemke, together with the 
other towns in the valley of Usumacinta, are characterized by the 
towers of their palaces and the superstructures of their temples, 
which are lacking in the Yucatan monuments. With reference to 
these latter, those of Chichen Itza, Uxmal, and Mayapan^ present 
distinct characters: while the governments of Cheles, Cocomes, 
and Xiuhs were separated. What is revealed to us in this inequal¬ 
ity? That, even in their most advanced state of civilization, the 
Indians did not possess sociological faculties necessary for the 
formation of great nationalities. 

The Mexicans themselves, who led their conquering armies as 
far as the frontiers of Guatemala, did not enlarge their territory 
by means of their conquests: they were content to levy taxes on the 
conquered peoples. In the very valley of Mexico itself, around 
the salt lake, the lands to the west and south were in part added, 
while those of the east and north belonged to the Acolhuns of lex- 
coco and other small seignories; but around the fresh-water lake 
the Chalcas, Colhuas, Xochimilcas, and some peoples of lesser im- 

portance governed. , , n _. , 

What should be the result of this sociological state? That the 
country, once divided into a large number of kingdoms and seigno¬ 
ries, was in a constant state of warfare, one against the other, so 
that powerful nationalities, which might assure the peace and pro¬ 
sperity of the Indians, could not be formed. On the contrary, every¬ 
where there were evidences of decadence; and m due course of 
time, by the inevitable laws of history, came the conquest. Which 
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proves once more that the progress of humanity does not always 
march in accordance with justice. 

With regard to the sciences of practical utility, as they are chiefly 
based on recently acquired knowledge, as for example those rela^ 
tive to steam and electricity, it would not be an easy task to dis¬ 
cover in what their relation to archeology consisted. I shall, 
however, mention medicine. Modern science cannot afford to look 
with disdain on the medical knowledge of the ancient Indians, 
seeing that to them it owes quinine and coca, two remedies em¬ 
ployed universally with great success. 

The Mexicans had a real curative science, which constituted 
one of the professions of their society. Let it serve my purpose 
to state here that in the fifteenth century they already employed 
anesthetics, and had a military medical corps which accompanied 
their armies into action. 

A study, therefore, of those ancient medicines, still used to the 
present day by the Indians in the fields, will undoubtedly be bene¬ 
ficial: and with this end in view, the Mexican Government has 
already founded a Medical Institute, the good results accruing 
from which will soon be seen by us all, as soon as the processes of 
experimentation shall be sufficiently advanced. 

The Indian medicine was based on botany. Messrs. Gerste and 
Troncoso have written valuable treatises on this important sub¬ 
ject, and their very classification itself is based on the diverse 
curative power of the plants. 

Let us pass on to the arts. No one can deny that archeology 
has been a powerful factor in their development and perfection- 
ing. A mere glance at the epoch of the Renaissance will suffice to 
establish the fact. Architecture was inspired by the ruins of the 
Greek and Roman monuments. The basilica of St. Peter's is not 
the evolution of the ideas of the Middle Ages; it is a return to the 
ancient Roman architecture, it is a Casarian building crowned with 
the dome of Michael Angelo, as with the Emperor's crown. The 
Moses of San Pietro in Vinculo is not an expression of sentiment 
of the Christian idea: from its majesty and the grandeur of its 
expression and lines, it rather resembles an Olympic Jupiter, the 
Zeus of Homer. Raphael abandoned the mystical Madonnas of 
Botticelli and Perugino, and, deriving his inspiration from the pagan 
statues, painted his peerless virgins, whose most perfect type was 
that “of the Chair.” All the arts from the Old World formed a New; 
and the Renaissance was its golden age, not hitherto attained to, 
. excelled in after time, perhaps never even equaled. Arche¬ 
ology contributed to convert the Rome of Leo X into the capital 
of the world of arts, as it was of Christianity. That same Rome 
was !ready bedecking herself with Egyptian obelisks. Not only the 
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Roman which inspired that of the Loggias, but also the polychromy 
of Pompeii, served to give new ideals to art that were in reality 
only archeological reflections. And there have been examples in 
all ages, from the German Gothic, from the Spanish plateresque, 
from the Arabian filigree-work, from the Cyclopean constructions. 
Even to-day L’Art Nouveau has been formed from the archeological 
debris of the ancient arts. 

On this subject much aid can be given by our ruins. The con¬ 
structions of triangular arches with odd superstructures from the 
region of Palemke; its palaces with towers; its reliefs, which, like 
that of La Cruz, reveal a study of composition; its stuccos, whose 
figures are noteworthy for their design and the knowledge of the 
human frame; the esthetical atmosphere of special character 
which is dominant throughout; the rich reliefs and gorgeous 
style of the gigantic monoliths of Copin: the Maya colonnades, 
which, like those of Zayi, are as pure as the Greek, and the col¬ 
umns carved with leaves of Tollan; the ramparts with fanciful 
faces of Kabdh and the sculptured walls of Chichin Itzi; the fa¬ 
cades with grotesque masks from the nuns’ house in Uxmal; their 
corners with monsters with uplifted trunks;—all these furnish rich 
and abundant elements for the arts; no less than the Grecian frets 
of Mitla, and a few sculptures which have escaped from the de¬ 
struction of the great Teocalli, such as the tiger unearthed in the 
Department of Justice, the colossal Coatlicue adorned with ser¬ 
pents beautifully carved, the spherical dioritc head of Tlahuiz- 
calpantecuhtli, and the cyclographical stone, popularly called the 
Aztec Calendar, in which one is at a loss whether to admire most 
the astronomical and chronological knowledge therein enshrined, the 
geometrical science necessary in the making of it, or its marvelous 
execution. 

Some day there will be a Mexican art. 

Archeology, in its relation to the other sciences, deserves admit- 
tance into this Congress, where all the living forces of humanity 
are represented, whether in intellectual conception or in practical 


But archeology is the symbol of death. Is it, perchance rightly 
admitted here, because life and death are ever linked together, 
and together they comprise man’s history, as the day has the bright¬ 
ness of its sun and the dark shadows of its night? There is yet 
a still more potent reason. All the sciences and all the arts are the 
result of the accumulation of centuries of human thought. No¬ 
thing is improvised on the earth. The first generations bequeathed 
their meager knowledge to the next generations, who added to it. 
These, in their turn, left it as a heritage to those who came after: 
and so man formed that wealth of scientific knowledge which he, 
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to-day, possesses, like the poor but industrious man who, thriftily, 
cent by cent, at length succeeds in piling up heaps of golden coins. 

No one knows whether, on removing the stones of some ruin, 
it will be found that one of the great ideas, which is to-day the 
inheritance of modem nations, did not have there its birth. When, 
in centuries to come, the city of Seville perchance may disappear, 
some scholar, perhaps, on finding the remains of the Giralda, may 
be unaware that from the brain which framed it there was evolved 
algebra. 

For these reasons, the science of dead things has its place in 
the exposition with which the city of St. Louis astounds the world. 
Here are gathered all the forces of the civilized nations, that, vying 
one with another, exhibit their products in science, art, industry, 
and commerce. Here is to be found whatever the present genera¬ 
tion has been able to attain. And all here strikes wonder into the 
soul and admiration into the mind. It might be thought that 
the earth was giving a concert to the skies, with the screeching of 
locomotives, the whistling of engines, the scraping of plows, the 
creaking of presses, the measured thud of steamers, the movement 
of all the nations here united, with their many-tongued clamor, 
with the monster’s breath exhaled by multitudes: a glorious hymn 
of work, accompanied by the waters of the Mississippi. 

And all here is flames and conflagration: and all is fire and light. 
And to this eruption of the splendors of the sciences and arts, 
there is added archeology, the phosphorescent fire of the immense 
cemetery of past ages. Phosphorescent fire: yes, but fire. And 
all fire is light! 
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In this distinguished assembly, gathered in the place where 
all the material labors of the world have contributed their results 
to form a picture whose brilliancy can hardly be surpassed, and to 
which chosen representatives of all the sciences have been bidden 
in order to present in one harmonious whole the varied intellectual 
achievements of all nations, I am asked to speak of what has been 
accomplished of late years in my own department, that of arche¬ 
ology, and to lay before you the significance for the other sciences 
of these results. 

There is scarcely any science to which cooperation with the others 
is so necessary as it is to archeology; yet there is scarcely one 
which in so short a space of time has gained so much in substantive 
importance, has entered so much into the work of the others, and 
has so demonstrated its usefulness to their progress. This is equally 
true of prehistoric European and classical archeology, and of the 
study of the antiquities of America. To look first at merely external 
facts, who would have thought it possible a hundred years ago that 
to-day in all parts of Europe hundreds of museums would exist, 
filled with the domestic utensils, weapons, vessels, and ornaments 
of peoples from whom no historical knowledge of any kind has 
come down to us —some of whom, indeed, go back to a period 
whose antiquity can only be computed by the calculations of geo¬ 
logists, when the vine-clad hills bordering the Rhine and the Lake 
of Constance were barren as the steppes and tundras of Siberia, 
when the reindeer, the wild ass, and the mammoth served as ob¬ 
jects of the chase and at the same time gave men the first impulse 
towards the satisfaction of their artistic feelings? You will be told 
by those whose province it is how classical studies have been en¬ 
larged and reshaped by the results of the science of the spade — 
how the excavation of the ancient seats of civilization in Babylonia 
and Egypt permit whole vanished worlds to rise anew before our 


528 


ARCHEOLOGY 


eyes. My task is to give you, in a brief and summary way, an idea 
of what we have gained from the most recent investigations in the 
continent upon which we are now assembled, — that old continent 
which we, the children of another, have been accustomed to call the 
New World. 

To begin with the North: it is too early to speak of archeology 
here as a separate science. The discoveries which have been made 
are the work of expeditions sent out for the solution of geographical 
problems or for the accumulation of collections to serve for the study 
of natural history or ethnography. Yet some facts of great historical 
significance may be deduced from the objects, not at first sight 
remarkable, which form the contents of the ancient graves of that 
region. We are entitled to infer, in the first place, that the existence 
founded upon the life of the Arctic fauna and adapted to it, — that 
of the Eskimo as they were first seen by Europeans, with all their 
peculiar civilization, their extremely clever adaptation of the 
wretched materials at their command to the making of weapons, 
utensils, houses, boats, — must have gone on in practically the same 
form for a thousand years at least, and probably much longer. 
Another fact of importance may be mentioned as the immediate 
result of combined archeological and topographical expeditions, 
especially those from Denmark and from Sweden and Norway. 
It is that the migration of the Eskimo to Greenland must have gone 
by way of Ellesmere Land and the northern coast of Greenland, down 
the east coast, and thus to the west coast. If, now, we take with 
this the statements of the Icelandic sagas that the first settlers in 
Greenland found remains of the houses of the Skrallings, — the 
small race which about the year 1000 inhabited the coasts of Lab¬ 
rador, Newfoundland, and Maine, — and that it was some of these 
same Skrallings who finally overthrew the important settlements 
of the Icelanders in Greenland, two further noteworthy facts emerge: 
that the Eskimo must, at a distant period, have spread southward 
at least as far as the coast of Maine, and that in various waves of 
migration, separated by intervals of time, they must have pressed 
on by the far northern way already mentioned, as far as the western 
coast of Greenland. 

To-day the northwest, with its deep-cut fjords, its streams abound¬ 
ing in fish, and its wooded shores, is inhabited by a number of 
tribes who differ considerably in language, but show a remarkable 
similarity not only in their material civilization, but in their legends, 
their social organization, their religious conceptions, and the artistic 
productions based upon them. As to that which is the most distinct¬ 
ive thing in this ethnographic group, the social structure and what 
depends upon it, Professor Boas has recently shown that it really 
ronrc - f? quite a late type of development. The archeological 
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explorations made by the Jesup expedition not long ago in this and 
the neighboring regions seem to yield the interesting fact that all 
these tribes were forced outward from the interior to the coast 
at a period perhaps not very remote. 

In the central and southern portions of the United States, great 
triumphs have been won by archeology. Since Squier and Davis 
published their celebrated book, their work has been energetically 
taken up by the Peabody Museum, the Smithsonian Institute, 
and a number of other learned societies, and carried forward with 
great success. The valleys of the Ohio and the Delaware, Wisconsin, 
and the Lake region, the Mississippi Valley, the neighborhood of 
this very place, which proudly calls itself the “Mound City,” the 
Alleghanies, Georgia, Florida, have yielded an immense number 
of objects of the most interesting nature. For their preservation and 
scientific study, museums have grown up in many American cities, 
whose well-adapted and liberal equipment has roused the admira¬ 
tion of scholars. Through these discoveries, the meager accounts 
given by early writers of the Indian tribes who inhabited these 
fertile plains at the time of the first white settlement—accounts 
which, to say nothing of their marked tendency to exaggeration, 
plainly correspond with but little faithfulness to that which lay 
before the eyes of the writers — have received for the first time 
their proper elucidation. For it seems to be firmly established by 
the exhaustive investigations of the last few decades that it was the 
ancestors of the Indians of to-day who were buried in the mounds, 
sarcophagi, and graves; that it is their domestic utensils, their 
ornaments, their ceremonial and social symbols, their instruments 
of worship, which we contemplate with astonishment to-day in the 
various American museums as objects discovered in the mounds. 
That the condition of material, and perhaps the intellectual ad¬ 
vancement, was distinctly higher than that of the Indians with 
whom the immediate ancestors of the present generation had to 
contend, may be seen at once from these discoveries. But the na¬ 
ture of the discoveries shows us also that among them every man’s 
hand was not always, as people have been accustomed to suppose, 
against every man, — that rather, in spite of all their wars, there 
was a wide range of predominantly peaceful intercourse. We fre¬ 
quently find in one and the same spot copper from the Great Lakes, 
mica from the Alleghanies, mussel-shells from the Gulf, pieces of 
obsidian from the Central Basin, and snail-shells from the Pacific. 
If, however, the old theory of a special race of mound-builders has 
long ago had to be abandoned, a significant displacement of the 
tribes undoubtedly occurred, none the less; and it is not impossible 
that whole tribes have disappeared from the face of the earth, and 
speak to us only in the fragments that we dig up. Philology (in the 
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critical analysis of local names), archeology, and history will have 
to work together in order to furnish even an approximately correct 
idea of the former distribution of the tribes and of their mutual 
relations. 

It is primarily from archeology that we may expect an answer 
to the question where was the old racial connection between North 
America (perhaps with Florida for a bridge), the West Indies, 
and South America. The fruitful investigations of Clarence B. 
Moore and the lamented Cushing afford matter for much thought. 
Unfortunately, the exact archeological investigation of the West 
• Indian region has only just begun. And, although remarkable 
discoveries have been made on the island of Maraj6 and the banks 
of the Amazon opposite to it, yet the investigation as to South 
America also is still too incomplete for us to do more (with that 
of the intervening territory hardly even planned out) than make 
a conjectural statement as to any extensive connection. There 
are certain single details — such as the Haitian game of batcy, 
resembling the game of ball called tlachtli by the Mexicans, the 
use of some of the Mexican teponaztli, similar wooden drums, and 
the like—which seem to point to a connection between the West 
Indies and Central America. Indeed, Columbus, on his first voy¬ 
age, during the passage from Cuba to Haiti, had definite news of 
a land in the west, very rich in gold, whose inhabitants wore clothes. 
It seems to me, too, that it is possible to demonstrate a family 
connection between the Arawaki speech of Guiana and the Maya 
tongues. 

But American archeology is most at home in the lofty plateaus of 
the Andes and the strips of coast immediately below them, and 
especially in Mexico and Central America. In these regions, inhabited 
by people of advanced culture, brilliant performances were achieved 
in the first generation after the conquest, which have only within 
the last half century been properly appreciated and studied in de¬ 
tail. In the seventeenth and eighteenth centuries, it was the scene 
of the labors of some accomplished scholars, such as Siguenza y 
G6ngora. Padre Antonio Alzate published a description of the 
pyramid of Xothicalco; and Leon y Gama, in his famous work 
Dos Piedras, described the great stone monuments found in the 
principal square of Mexico in connection with the paving and canal 
system. The imposing personality of Alexander von Humboldt 
attracted the interest of the whole civilized world to these anti¬ 
quities; and men like Captain Dupaix, Alaman, Carlos Maria Bus¬ 
tamante, Fernando Ramirez, Manuel Orozco y Barra, and my 
esteemed colleague Alfredo Chavero have laid the foundations 
on which we are now trying to build. Here, more than elsewhere, 
it is evident how much history needs the aid of archeology, especially 
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to fill the large gaps which tradition, defective and dependent on 
chance as it is, has left. 

About the middle of the sixteenth century appeared the great 
work of Fray Bernardino de Sahagun, an encyclopedia of the 
traditional knowledge possessed by the old inhabitants of the 
capital of Mexico, written down from the lips of the natives and 
in their own language. To about the same time belong the notes 
of Fray Toribio de Benavente, who called himself by a Mexican 
name, Motolinia, “the poor man.” These, while not nearly so ex¬ 
tensive or so thorough as Sahagun’s, and written in Spanish by 
a Spanish monk, have an importance of their own; living far from 
the capital, Padre Motolinia knew and described conditions pre¬ 
vailing in a much wider region. The original work of Sahagun 
disappeared in the archives of the Consejo de Indias, but copies 
of the Spanish translation existed in the libraries of the Francis¬ 
can houses. These, as well as the book of Motolinia and other 
sources, were recast by Torquemada and others according to the 
taste and the interests of their own times, until Clavigero brought 
together all the antiquities of Mexico in a cleverly written book 
which formed the main authority of Humboldt and his successors. 
That we have now got far beyond the diluted, frequently inexact 
or actually distorted idea given by this author is due not only to 
our having gone back to the real old sources, which have come 
to light since his time, but also to the elucidations which arche¬ 
ology furnishes. The meritorious publications of Lord Kings- 
borough made possible the real study of the Mexican hieroglyphs, 
as it was first attempted by Dr. Antonio Pefiafiel. The descrip¬ 
tions and drawings of the Sahagun manuscript taught us to know 
the figures of the gods; and by their aid we are able also to iden¬ 
tify the stone images and the small clay figures which the old 
Mexican collections contain in such numbers. Finally, both through 
them and through the interpretations appended to the Codex Tcl- 
leriano-Remcnsis and the Vatican Codex 3738, we are able to de¬ 
cipher the pictorial representations of the manuscripts of the Codex 
Borgia group and the Mexican picture-writing in the narrower 
sense, and so to secure a safe basis for studying the religious and 
festival tradition of the Mexicans. 

Just as here archeology and history supplement each other, 
so recent observations have shown that the descriptive ethnology 
which appeals to surviving representatives of old tribes has need 
to keep archeological facts before its eyes during the progress 
of its researches. A few years ago expeditions were sent out by 
one of the great American museums into the Sierra Madre of north¬ 
western Mexico, under the leadership of the explorer Karl Lum- 
holtz. The undertaking was successful in more than one respect. 
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Among its most interesting results was the fact that in the Hui- 
chol tribe Lumholtz found and was able to study a people that 
was still living in, or had relapsed into, almost primitive condi¬ 
tions. I read at the time with great interest, as did every one else, 
the account which Lumholtz gave of this tribe; but it was plain to 
me at the first glance that a large number of customs, signs, and 
symbols really could not be understood without comparison with 
the exact descriptions of the old Mexican sources and a knowledge 
of old Mexican symbolism. 

The same is true of the peculiar province of the Pueblo civiliza¬ 
tion. In regard to this the investigations have not yet gone very 
far. The first attempt was made by my friend, Dr. Walter Fewkes, 
who tried to explain the famous snake-dance of the Hopi Indians 
by the cognate ceremony of the old Mexican atamalqualiztli. On 
the other hand, it is equally true that the meaning of the old Mexi¬ 
can festal ceremonies, figures, and symbols can only be reached 
when we have succeeded in determining that of the various festi¬ 
vals of the Pueblo Indians, of the ornamentation which is still 
used by them, and of the decorations which we are able to study 
on their utensils and fragments as found by excavators. I have 
purposely made this distinction between what they use to-day 
and what we see on the old pieces; for the whole curious world 
of the Pueblo Indians of New Mexico and Arizona, which has aroused 
the special interest of investigators and travelers, is itself only 
intelligible when we study it in the light of archeological dis¬ 
coveries. The cliff dwellings are not only the precursors of the 
pueblos of to-day, with their houses built up one above another, 
like fortresses, in curved lines, but they explain them. The pecul¬ 
iar subterranean chamber for worship, the kibva, is understood 
when we see the narrow space there is in the overhanging rock- 
shelters. We cannot, of course, dig up the festivals and dances 
whose survival, like a curious fossil, gives us so instructive a pic¬ 
ture of the primitive conception of the world and primitive relig¬ 
ious practices adapted to the special daily needs of the commun¬ 
ity; but the types which appear in them are to be found in many 
of the ancient rock-sculptures of the district or on the singular 
painted plates which have been found in some of the deserted 
pueblos. Their system of ornamentation, again, will only be fully 
understood when we can subject to a thorough comparative ex¬ 
amination the old models, as they may be so admirably seen, e. g., 
in the vessels and platters dug up in Awdtobi. 

An example of the way in which only the data furnished by 
• ' !:eoiogy supply us with the solution of a problem is given by 
the development of our knowledge concerning the hieroglyphic 
writing of the Maya tribes of Central America. Through Bishop 
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Landa, the oldest chronicler of Yucatan, we had learned to know 
the hieroglyphics of the twenty signs for days and the eighteen 
for the so-called months, or periods of twenty days ( uinal ). The 
further example, given by Landa, of a real hieroglyphic character 
by which Brasseur de Bourbourg and others believed they could 
read the hieroglyphic texts, has proved to be a mystification, or 
an attempt made in later and Christian times, from which nothing 
was to be gained for the understanding of the old texts. More 
recently, Schultz-Sellack and De Rosny identified the hieroglyphs 
of the signs of the zodiac. Forstemann, with the insight of genius, 
got hold of the numeral system and the characters used for it in 
the Maya manuscripts, and gave us the hieroglyph of Venus; and 
Schellhas established a number of the hieroglyphs of the gods. 
I have myself shown the essential identity of the day-signs used 
by the Maya and in Mexico, the hieroglyphic designations of the 
colors and other elements, as well as a number of further hiero¬ 
glyphs of the gods and the symbols which accompany them. But 
that we are able to-day to recognize at the head of the hieroglyphic 
columns the numeral products which give the distance of the fol¬ 
lowing date from the original initial date demonstrated by Forste¬ 
mann, four ahau, eight cumku, and that in consequence we are 
able to fix the chronological order of the whole series of monu¬ 
ments: this has been rendered possible by the labors of Alfred 
P. Maudslay, through the synopsis of the “initial series" which 
he has given on a page of his splendid book on the monuments 
of Copau in Honduras. 

But archeology is especially needed to fill out the gaps left by 
historical tradition. The early historians, especially the conquer¬ 
ing Spaniards, occupied themselves principally with the tribe 
which at the time of the conquest held the headship. Of the other 
tribes, their past, their frequently quite distinct material and so¬ 
cial civilization, only comparatively scanty accounts have been 
preserved. The filling-out of these gaps is only to be hoped from 
archeology, which has already made very promising beginnings. 
In the central portion of the state of Vera Cruz the excavations 
of Dr. Hermann Strebel have permitted us to recognize two en¬ 
tirely distinct civilizations, one of which, the Cerro Montoso type, 
is indisputably allied to the artistic style of the highland Mexi¬ 
cans of the Cholula district, while the other, the Ranchito de las 
Animas type, shows, both in material and technique and in orna¬ 
mentation, a totally distinct form, betraying a specially aborig¬ 
inal element. Archeology thus confirms the assertions of history 
in regard to the extension of the highland race of Chichimos, a race 
of Mexican speech, into the coast-strip inhabited by the Totonacs. 
In like manner, further north, my wife and 1 found a settlement 
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at Castillo de Teayo, in a district all around which the Huaxtecs 
had taken possession, where we met with Mixcouatl, the hunting- 
god, Chicomecouatl, the goddess of corn, Tlaloc, the ram-god, 
Couatlicue, the water-goddess, Xipe Totec, the earth-god or spirit 
of the fields, and Macuil xochitl, the god of chance, — all well- 
known types of the Mexican highlands; and reliefs were cut on 
stone plates which seemed almost copies of the Magliabecchiano 
Codex, the old Mexican picture manuscript of the Biblioteca Na- 
zionale at Florence. The accounts given in Tezozomoc’s Cr6nica 
Mexicana, of warlike expeditions of the Mexican kings by way 
of Huauhchinango into the lands of the Huaxtecs from Tziuhcouac 
and Tochpan, were now intelligibly verified. To the south of Vera 
Cruz Hermann Strebel has demonstrated another distinct ele¬ 
ment of population in the Mistequilla, the district of Tlaliscoyan, 
which presumably corresponds to the Olmeca Uixtotin of Mexican 
tradition, — clay figures with broad, smiling faces and artistically 
shaved patterns on their heads, of which the Musde du TrocadSro 
has the richest collection among European museums. Next come 
the districts, not as yet thoroughly investigated from the arche¬ 
ological standpoint, of San Andres Tuxtla and Coatzacualco; and 
at Tabasco the Maya region begins, with its wealth of monuments, 
stone buildings, facades covered with reliefs, and the long series 
of calculiform hieroglyphics which lend themselves to such effect¬ 
ive decorative arrangements. And then suddenly appears, in the 
midst of this definitely Maya civilization, in the famous ruins of 
Chich’en Itzd in eastern Yucatan, a style of figures and a hiero¬ 
glyphic which correspond to those of the Codex Borgia group and 
the group typified by the Vienna manuscript; with snake columns 
and caryatides reminding one of those of Tula, the famous old 
centre of civilization, already ruined at the time of the conquest, 
and connecting with the legends of the Toltecs, the oldest civil¬ 
ized race found on Mexican soil. D6sir6 Charnay observes that 
here we have in concrete form the accounts of the wanderings of 
the Toltecs towards the coast-lands, the stories of the tlamatinime 
tonatiuh iixco yaque , the wise men whom their god directed to go 
to meet the sun, i. e., towards the east. 

The districts already described, lying around the Gulf of Mexico, 
form but a small part of the region inhabited by civilized races. 
Further investigations are still lacking to carry us along the road 
which leads from the old trade centre of Xicalanco to the Laguna 
de T6rminos over the Pet6n into Central America. And we are 
still imperfectly informed as to the routes by which the merchant 
caravans from Cholula and Mexico made their way to Anauac 
Xicalanco, the lands along the gold-coast, and on the other side 
to Anauac Ayotlan, the coast-strip on the Pacific, and to Guate- 
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mala. But when this whole territory has been more thoroughly 
explored, with the care to which European investigators are accus¬ 
tomed, we shall get a far more complete idea of the mutual rela¬ 
tions of the tribes; and then for the first time it will be possible 
to write the ancient history of Mexico. 

The region comprising Mexico and Central America is that in 
which American archeology is best able to rise above the stand¬ 
point of merely antiquarian investigation, and to attempt higher 
tasks. The question is yet unsolved whether the first appearance 
of what we call decoration is to be taken as a significant marking, 
as an inscription, so to speak, which is intended to place the ob¬ 
ject in relation with another being or object, real or imaginary; or 
whether a purely artistic impulse guided the hand of the first man 
who painted or carved an ornament of any kind, or worked itself 
out in the technique of weaving and plaiting. But we may take 
it as certain that we shall have to go back to a very early period, a 
stage of development not far removed from the general beginning, 
in order to trace the transition from merely useful tools to ornamented 
ones, the development from a simple marking, significant according 
to its meaning, to real ornament which owes its origin to a delight in 
form and color. There is a particular charm in trying to discover 
these first beginnings of primitive art. But in the Mexican-Cen¬ 
tral-American region this initial stage has long been passed. We 
meet here with productions, which, even if they are not to be placed 
beside the classical work of Greek artists, are yet, in conception, 
in the tasteful distribution of ornament, and in form, entitled to 
the designation of works of art. I need only remind you, for ex¬ 
ample, of the graceful arabesques of the borders on the sculptured 
walls of the temple of Chich’en Itzd, and of the hieroglyphic pic¬ 
tures, put together in a small space with such perfect art, of the 
stelae, altar-tablets, and other reliefs of Copan, Quirigua, Palenque, 
and the ruined sites of Usumacinta, which the works of Mauds- 
lay and Teobert Maler have taught us to know. That the purely 
esthetic way of looking at things is beginning to gain ground in 
American archeology also is evidenced, for example, by the latest 
work of Hermann Strebel; and it is undoubtedly to be expected 
that before long this branch of science will have more work put 
on it, and that by its means some valuable results for the histor¬ 
ical classification of the monuments will be attained. 

The special traits of the old Mexican and Central American 
civilization, and the spread of Mexican elements of population, 
may be traced as far as the beautiful Lake Nicaragua. If we fol¬ 
low the indications of the flora and fauna, South America begins 
with the mountain ranges of Costa Rica; and thus far also ex¬ 
tend the ethnological relations which go north from Colombia 
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over the Isthmus of Panama. This is proved by the languages 
and the civilization of the remains of the native population; and 
the same lesson, as far as our investigations have carried us, is 
taught by the archeological material. A limited region, includ¬ 
ing the old settlements on the slopes of the volcano of Irazti and 
certain groups of hills which extend down into the Atlantic low¬ 
lands, has lately been investigated in a really exemplary manner 
by E. V. Hartman, whose results have been published in a sump¬ 
tuous work distinguished by the Swedish Academy with the Duke 
of Loubat’s prize. Outside of this, to be sure, we still lack exca¬ 
vations undertaken in a scientific manner and authenticated by 
documents. But the whole mass of material — the eagles worn 
on the breast which struck Columbus and his companions, the 
gold ornaments found, the form of the vessels, the frequently 
repeated lizard and toad motij — prove that a similar civiliza¬ 
tion prevailed on both sides of the Isthmus of Panama, however 
widely the tribes were separated in language, and from whatever 
different points they migrated to the valleys, hills, and forests 
of this region. A special place belongs to the plateau of Bogota, 
which marks the centre of a distinct region of civilization, the 
land of El Dorado, the cacique of Guatavita, who, covered with 
gold-dust, went out on a raft to the middle of the lagoon, and there, 
plunging beneath the waters, offered his costly decorations in 
sacrifice to the gods. It is an interesting archeological fact that 
an image of this cacique and his attendants, executed in gold, 
has actually been found in the lagoon of Siecha. Other sites of 
ancient worship are still buried in the primeval forests, such as 
the great monuments of San Agustin near the head-waters of 
the Rio Magdalena, from which Alphons Stiibel has brought us 
drawings. 

To the south of Popayan a new world opens before us, — the 
kingdom of the Incas, in which a number of the most diverse ele¬ 
ments, tribes of totally different origin and various development, 
were fused into an external unity. Peru — especially the seaboard 
region — is the paradise of archeologists. On the whole coast, 
extending over thirty degrees of latitude, from Tumbez to the Rio 
Maule, not a drop of rain falls the whole year through. The sandy 
soil is fertilized by rivers which, rising in the snow of the ranges 
lying just back of the coast, bring down in their long and tortuous 
course a mass of particles dissolved or suspended, and are care¬ 
fully conducted by the hand of man over fields, gardens, and plan¬ 
tations. Along these rivers and canals populous cities and towns 
long ago arose, whose inhabitants were well trained in the arts of 
both peace and war. The dry sand has preserved their dead, wrapped 
••• • : 1 mmy-eoverings, with their property, their clothes and orna- 
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ments, their weapons and utensils. The colors of their garments, 
the flesh still clinging to the bones, the metal and wood of the uten¬ 
sils, the food and amulets which were buried with them, are as per¬ 
fect to-day as the mu mmi es of ancient Egypt. Many thousands of 
drinking-flasks, jugs, and other vessels of clay have come to light 
from these graves. Upon them are depicted the most various orna¬ 
ments, men, gods, beasts, whole battle-scenes, judicial processes, 
death-dances, and banquets. Unfortunately old Peru had no Saha- 
gun, to collect with equal diligence and intelligence the primitive 
traditions of the aborigines. The Exstirpacion de las Idolatrias of 
Padre Arriaga offers us but a poor compensation. We lack the 
picture-manuscripts and the expositions of learned men, so that 
we stand face to face with this mass of phenomena almost without 
comprehension. All we can do for the present is to register the 
collected material and to seek analogies — for which not only the 
objects heaped up in the museums, but also the splendid publica¬ 
tions of Reiss and Stubel and Professor Arthur Bassler give op¬ 
portunity enough. One thing emerges clearly from such a survey 
as has been possible, — the difference between the Indians of the 
highlands and those of the coast, and between the civilizations 
of the two, as well as the distinct artistic style of the monuments 
and all kinds of antiquities found on the plateau of Lake Titicaca. 
There, at Puno and at Tiahuanaco, this difference is accompanied 
by a difference in language; but it may be traced far beyond the 
linguistic diversity, down to the coast, where lea and Arica have 
long been known as places where antiquities of a distinct type 
were to be found. The sequence in time of the various civilizations 
may some day be determined with more or less certainty by such 
careful excavations as Max Uhle has now, for a number of years, 
been carrying on in Pachacamak; and no doubt it will be possible 
to deduce from the archeological material as yet unclassified an 
overlapping and fusion of indigenous civilizations with forms whose 
origin points to the highlands and the conquering Incas. This Inca 
influence may be traced plainly beyond the boundaries of their 
empire, by way of Ecuador towards the north, southward across 
the Rio Maule into Chile, and on the other side of the Cordilleras 
into the nearest parts of Argentina, the districts of Salta and Cata- 
marca, where with the Spaniards the speech of the Incas, the Khe- 
chua, found its way. 

But in another way the old Inca Empire was a point of departure. 
When Karl von den Steinen pressed on in 1883 from Cuyabd to the 
sources of the Xingu, he found there, to his surprise, a number of 
tribes similar in conditions of civilization, though differing in lan¬ 
guage, who were still living in the Stone Age, and to whom the 
knowledge of white men had never penetrated. The objects they 
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used, 6 eiru-turners, whirring-boards, dance-masks, and other 
things he found here partly painted with geometrical ornaments, 
for which, in a way which seemed striking to him, objects with a 
definite non-geometrical figure were almost always named as pro¬ 
totypes. He was convinced that here he saw before him in its definite 
results the process of the evolution of a so-called geometrical motif 
out of a definite animal, human, or other figure which Hjalmar 
Stolpe demonstrated for certain regions in the South Seas; and 
his intelligent discussion of this question has proved extraordin¬ 
arily stimulating in the most various directions. In the mean time, 
with the extension of these investigations, it became evident that, 
e. g., the same triangle which the Bakairi called vluri (a woman’s 
garment) was explained by other tribes as a fish’s tooth. Von den 
Steinen himself felt compelled in consequence to revise the views he 
had hitherto held. He now considers that a whole class of so-called 
geometrical ornaments arose out of textile patterns, but, when they 
were transferred from plaiting or weaving on to other materials 
and executed in engraving or painting, acquired an independent 
life of their own and ended by drawing into themselves a whole 
series of the most varied figure-meanings, according to what ap¬ 
pealed to the artist or was suggested to him, and with no essential 
relation to the original geometrical patterns. Now the old Peruvian 
art of the different centres is simply full of such ornamental types 
taken from textile art. These, together with the figure-types which 
came to be used in textile work, seem to have found their way among 
the uncivilized tribes also, and to have furnished the suggestions for 
the decorations which we now meet with among tribes of the far 
interior of Brazil in the most varied forms, there to be interpreted 
and reinterpreted in sometimes extremely remarkable ways. To 
follow these migrations is a very attractive task, and offers another 
case in which archeology and descriptive ethnology must support 
and supplement each other. 

The wide region of Argentina, the valleys lying below the Cor¬ 
dilleras, the Pampas, and Patagonia, formerly supported a number 
of half-civilized tribes, which have now dwindled to insignificant 
remnants or been absorbed into the Spanish-Indian mixed race. 
Through the labors of Argentinian scholars a mass of material 
has been brought to light, whose working-out has only just begun. 
Where the reports of the conquerors and missionaries give us 
scarcely more than the name of a tribe, we have now extensive 
dwelling-sites, including entire mountain-sides, fortifications, and 
burial-places. A large number of clay vessels have been found 
there, many of them of considerable size; stone or metal imple¬ 
ments, and, in the tombs, even objects made of perishable material, 
— wooden bows, arrows, gourds with patterns burnt into them, 
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and bundles of cords, or llama-halters, with the hoofs of llamas tied 
up in them, to designate, it would seem (on the principle of pars 
pro toto), the herds of llamas which the dead man possessed, or was 
to possess in the other world. 

Whether here, as some have contended, the presence of men in 
a very remote geological epoch can be demonstrated is a question 
which as yet should not be rashly answered. Even in North America 
it has not yet been possible to prove beyond a doubt the coexist¬ 
ence of man with the great mammals which are now either extinct 
or vanished from American soil, or to push back the antiquity of 
human habitation as far as the time when the glaciers of the north 
stretched down to the Delaware and the Ohio. The problem cannot 
be solved alone by archeology, but needs the cooperation of geo¬ 
logy; though it is a noteworthy fact that it is precisely the geolo¬ 
gists who have answered this question in the affirmative. Whatever 
discussions may still arise, it is quite to be expected that, next to 
archeology, which occupies itself with tribes that come down into 
historical times, an important place will be filled by the branch of 
science which concerns itself strictly with prehistoric ages in America, 
as that which is capable of demonstrating the existence of man in 
the geological era. 

American archeology in general is on firmer ground. It will not, 
however, be unprofitable for us, while we are reviewing what has 
been accomplished, to seek to show how this science has been and 
how it ought to be pursued. Archeology, which forms only a part 
of anthropology, is an empirical science, and ought never to forget 
this character. This it has often done in the past; preconceived 
opinions have been allowed to influence conclusions, and have 
accounted for the frequently unsatisfactory character of the latter. 
We all know that the study of antiquity has a special interest for 
many men just because it it the study of antiquity, and that the .mer¬ 
est grows in proportion as one is able to ascribe a greater age to the 
things which form the subject of study. We also know that men 
are naturally inclined to consider as obvious a common single 
cause for similar or related phenomena, and to presuppose tins even 
where no grounds exist to support such a theory. These two tend¬ 
encies have for a long time worked a great deal of harm *° Amer ‘- 
can archeology. Instead of working on the material facts at hand, 
people have exhausted their energies in theorizing as to how this 
continent was settled and whence it received its civilization, and 
in violent efforts to connect the civilizations which have arisen here 
with those of the Old World. In whatever part of the continent 
ancient remains have been found which offered no explanation on 
their face, they have assumed the presence of ancient races which 
have long ago vanished or migrated to other parts of the world; 
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and when the objects discovered displayed a relatively high state 
of development, they have been ready, without more ado, to assert 
positively a connection with the known tribes of advanced civiliza¬ 
tion. In this way they have found traces of the Aztecs in the Casas 
Grandes of Arizona, in the cliff-dwellings, and in the mounds; and 
they have conducted the Toltecs, the legendary representatives of 
a high civilization in Mexico, from the valley of the Mississippi into 
that country, and thence along the line of the Andes into Peru. 
Luckily we have now got beyond that sort of thing. What, however, 
we have not yet reached, and what we should earnestly strive for, 
is to establish empirically what the earlier students attempted to 
develop on the basis of theories which they took to be well-founded, 
— not only the existence on the continent of various civilizations, 
but their order of succession, and the influences to which they were 
progressively subjected. This has not yet been achieved, even for 
the two regions which have been most thoroughly investigated, the 
Mexican and the Central American. The great question, which of 
the two leading civilized races, the Maya and the Mexican, is re¬ 
sponsible for the beginning of this civilization, or whether they 
both raised themselves on the shoulders of a third, is as yet un¬ 
settled. But the mutual influence of Maya and Mexicans is beyond 
question, and assumes a greater importance the further we pene¬ 
trate into the essential nature of these civilizations, and the more 
we learn of their different sides and their points of divergence. 

The question remains to be discussed how the archeological 
picture which the American continent offers has shown itself or 
can be made of service to the general science of all mankind, which 
we Germans usually call ethnology, while its followers here prefer 
the name anthropology. Archeology as such is only a branch of 
descriptive ethnography. I have tried in this brief sketch to show 
how our knowledge of the continent has been augmented in recent 
years through the labors of the archeologist. To give even a 
summary account of how at the same time American ethnography 
has gained both in extension and in depth would take hours, and 
is not my business. It is sufficient for me, in order to show what 
significant impulses have proceeded from both the archeology and 
the ethnography of America, to recall to you that the whole modern 
development of primitive sociology took its real beginning from 
the investigations of Lewis H. Morgan into the tribal constitution 
of the Iroquois, and that in the most recent researches into the 
philosophy of religion the old Mexican belief is beginning to play 
an increasingly important part. American archeology and ethno¬ 
graphy are also of the greatest importance to general ethnology. 
So fur s it has been possible to study the old remains and the old 
t“?:.UtM>ns, so far as philology gives us material for definite conclu- 
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sions, so far as the comparison of art-forms has been used as a 
basis for still further-reaching conclusions, nowhere as yet has the 
often-repeated assertion that the development of the tribes on this 
continent was the result of influences coming either eastward or 
westward from what we call the Old World found any support. On 
the contrary, the researches of the Jesup expedition have almost 
conclusively proved that in the northwest there took place an over¬ 
flow of American civilization, a spread of American elements of 
population, to the Asiatic side of the Behring Sea. For that science, 
also, which tries to search out the mysteries of the laws which have 
governed the human mind in its development from its obscure 
beginnings, the observations which we have made or are in a posi¬ 
tion to make on American soil will be of greater importance than 
those made in any other part of the world. For the observations 
made here have all the advantages of pure experiment. That is the 
special privilege of American studies, and the special interest which 
attaches to them. To provide the material for that comprehensive 
science, the study of the human race as a whole is thus not only 
the real and greatest task of American archeology, but also its 
most rewarding. It will be a great joy to me if the conviction of 
this shall spread in ever wider circles, and bring to American arche¬ 
ology the new laborers of which it still has such pressing need. 



SHORT PAPERS 


Mr. Clarence B. Moore, of Philadelphia, read a paper before the Section of 
Archeology on “Aboriginal Urn-burial within the Limits of the United States,” 
in which he took up the record of urn-burial, beginning with the Pacific Coast, 
following the customs eastward as their investigations demonstrated. 

Dr. William C. Mills, of Ohio State University, presented a paper to this 
Section on “ Explorations of the Harness Mound,” in which he described the 
largest mound of the Liberty group, named after the owner of the property and 
located nine miles south of Chillicothe, Ohio. 
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Invited, but a few days since, to take the place of a foreign 
speaker, who is unable to be present, and with the time since fully 
occupied with an unexpected burden of labor, I have been unable 
to prepare for this occasion such a paper as should justly be ex¬ 
pected. In the few moments which it will occupy, I shall ask your 
attention to three points, which are either new or sadly neglected, 
which seem to me worthy of consideration by ethnologists. 

First. In discussions in the history of culture, we are prone to 
assume that primitive man had no experience and no accumulation 
of knowledge gained from the experiences of the past; that he had 
to make the absolute beginnings in culture; that he was a being 
capable of great things, but with nothing. This assumption has 
been practically universal, and has met with no remonstrance. 
It is, however, highly improbable; nay, impossible. Primitive 
man, if the product from animal ancestors, must have inherited 
many things from lower forms. Many habits, mental attitudes, 
ideas, beliefs, must have been developed during prehuman exist¬ 
ence. This suggestion gains force from two significant works 
recently published — Groos’s Play of Animals and Atkinson’s 
Primal Law. The careful reading of Groos’s work proves that 
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man’s ancestral form must indeed have been sadly inferior, if it 
had not gained through play a mass of valuable results, which 
man inherited as no mean capital. The same author’s Play oj Man 
adds emphasis to this view, though neither book was written to 
establish the point which we are making. Mr. Atkinson’s Primal 
Law is a remarkable book, full of suggestion. We need not accept 
all of its conclusions, but his general argument is startlingly use¬ 
ful. Why should we seek the origin of certain curious features 
of social organization in humanity, when their very nature sug¬ 
gests a source in the brute ancestors? Mr. Atkinson lias pointed 
us wisely, even though he may not have established all his con¬ 
clusions. What is true in regard to the play-impulse with its valu¬ 
able results and in regard to early sociological taboos, must be 
true of many other fields of human activity. The beginnings are to 
be sought and studied, not in the primitive man, but in the brute 
ancestors. If this assumption is granted, what added importance 
the subject of animal psychology assumes for the ethnologist and 
how particularly important the little-investigated psychology of 
the simian forms becomes! We ought to know just what achieve¬ 
ments these nearest of our animal relatives have made, — their 
emotions, impulses, ideas, devices, inventions, institutions. Not, 
of course, that such a knowledge, even if complete, will give us 
an accurate or an adequate idea of what man owes to his predeces¬ 
sors. These living simian forms are not in our ancestral line. It 
is because they differed from our actual ancestors that they differ 
from us to-day. But their psychology and their life will give us 
a nearer conception of primitive man’s inheritance from prehuman¬ 
ity than we can otherwise gain. 

Second. Another point which seems worthy of attention is the 
close relation of human types to local faunas and floras. This was 
first brought strongly home to me by the accidental observation 
that the area of the extended cultivation of maguey, — the plant 
from which the famous intoxicant "pulque is derived, — and the 
area of the atomis in Mexico practically coincides. Maps have not 
been prepared to demonstrate this coincidence, but I believe they 
would show it to exist. This impression was strengthened by an 
examination of Professor Seth E. Meek’s map of the distribution of 
fresh-water fishes in Mexico. Here, again, time has not permitted 
that careful and rigid comparison which alone would warrant a 
final statement, but the areas of fish faunas appear fairly to coin¬ 
cide with the areas of human linguistic groups. In this connection 
we may refer to a recent paper by C. Hart Merriam, in Science 
of June 17, 1004, Distribution oj Indian Tribes in the Southern 
Sierra and adjacent parts oj the San Joaquin Valley, Calijomia. 
In this paper, without actually making any statement just such 
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as we are considering, the author shows that the tribes of Indians 
investigated are definitely related to a certain faunal and floral 
area; where it stops, there are no Indians. The point for empha¬ 
sis, if the idea presented is true, is the smallness of these areas; 
that a special human type, and a local culture, seems closely re¬ 
lated to and connected with a little local group of plants and ani¬ 
mals. The idea may be compared with the old ideas of Agassiz, 
for whom each great human race was a member of a special fauna 
with a well-defined, but large, geographical area. For Agassiz the 
facts proved polygenism. The suggestion here made is for many 
more local types than Agassiz ever claimed, with much narrower 
range and with small, local faunal and floral groups. And, far 
from demanding a polygenistic explanation for these types, we 
should claim that for man, as for animals and plants, variation 
is easy and prompt. Environment produces a ready response, 
and plants, animals, and man come into harmonious relations not 
only to outer influences, but also to each other. 

Third. These considerations lead up to the third point, which 
seems at first inconsistent with the theory of such ready varia¬ 
tion, prompt adaptation, and extreme localization of types. Are 
we not constantly driven to recognize continental types of man¬ 
kind? Do not the more recent classifications show this tendency? 
Do not Brinton and Keane both, hostile as they were, come to the 
idea that the great races are continental types? Are not the races 
to which Dr. Dorsey has just referred continental? Are not both 
Brinton and Keane actually driven to add to their four races others 
which also have a definite and large area of occupancy? When 
we once leave the simple, triple subdivision of the species, as Cuvier 
gave it, are we not driven to recognize perhaps six great races — 
and those geographically named? Do not the words European, 
African, Asian, American, Australian, Malaysian, all geograph¬ 
ical, immediately call up a great racial type? For me, these types 
are a reality, and are the result of the great continental environ¬ 
ment, taken in its entirety, upon its human population. It is com¬ 
monly assumed that these types were early produced, while the 
new species was plastic, during a period of accelerated evolution. 
This is probable and granted. Where I differ from some, perhaps 
all, of my hearers is in believing that these same types are now 
being produced, and will continue to be produced, within the con¬ 
tinental areas. Asia is, has been, and will be the continent of the 
yellow race; South Africa is and will be, as it has been, the contin¬ 
ental area that makes black men with woolly hair. So of the 
other great areas, they may be expected in the future to produce 
the same types of humanity which they have produced in the past 
The apparent inconsistency between this idea and the preced- 
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ing is freely admitted. For the most part it is met by the sugges¬ 
tion that the local types of man, occurring in small but definite 
areas, are sub-types of the great continental type within the dis¬ 
trict of which they occur. They are not, however, only minor 
types diverging from the fundamental under the action of dif¬ 
fering, little, environmental areas; they are also, some of them 
originally, differing immigrants who are converging toward the con¬ 
tinental type under the larger environmental area. Study Deniker's 
ten European types with this double possibility in mind. 

No one can better appreciate than myself the difficulty pre¬ 
sented by the existence in one and another continent of long- 
settled, well-marked human types differing completely from the 
continental type, and apparently showing no tendency to approx¬ 
imate to it. My Ainu are a case in point. They are a white-skinned, 
hairy-bodied, bearded, “straight-eyed ” people, who were in Japan 
before the Japanese. Why have they not assumed the yellow 
skin, glabrous body, and “oblique eyes" of the Asian race? The 
fact that we cannot say does not shake my faith in the reality of 
continental types nor my belief that these will be continuously 
reproduced, in general, by the action of the continental environ¬ 
ment upon new masses of immigrants. 

At all events, these three points are submitted for considera¬ 
tion, — our debt to the prehuman ancestors, the close relation 
between local human, animal, and plant groups, and the ques¬ 
tion of the existence and significance of continental types of man. 
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Perhaps there are few branches of knowledge in which it is so 
difficult to define its subject-matter as is the case with anthropo¬ 
logy. The comparative newness of the study and the lack of uni¬ 
formity in terminology among those who prosecute it are perhaps 
mainly responsible for this indefiniteness; further, the inherent 
complexity of the phenomena that are studied has to be taken into 
account. Precision of nomenclature is more difficult in the biolog¬ 
ical field than in inorganic nature, and the more complex the life the 
harder the task becomes. Thus it transpires that we who study the 
actions and thoughts of various races of men and their social group¬ 
ings are sometimes at a loss to know how to name our studies with 
precision or to define their limits. I have had the honor of being 
invited to address this Congress on Ethnology, but as no information 
was given as to what the organizers of the Congress understood by 
that term, I feel it incumbent upon me to state as briefly as may be 
what I believe ethnology to be. 

Anthropology, which is the Science of Man, clearly falls into two 
main divisions,—the one which deals with the natural man («rfy>u>7ros 
or homo), the other which is concerned with man in relation to his 
fellows, or, in other words, with the social man (<0.«? or socius). 

The first group of anthropological studies includes such subjects 
as the comparative anatomy (somatology), physiology, psychology, 
development, paleontology, classification, and the distribution of 
the varieties of man. It was proposed bv Dr. Brinton to include 
all these and other subjects under the term “somatology,’' and this 
classification has been adopted by the organizers of this Congress; 
but it appears to many British anthropologists that “anthropo¬ 
graphy” is a preferable name, the older term “physical anthropology” 
being somewhat cumbersome, and the restriction of the word “an¬ 
thropology” to this group, as is so frequently done on the Continent 
of Europe, leaves no distinctive name for the whole subject. Sys¬ 
tematic, or taxonomic, anthropography, that is, the classification of 
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the varieties of man with their geographical distribution, is often 
spoken of as “ethnology,” but this is to be deprecated, as the sys- 
tematist deals with bodily as opposed to social characteristics; Dr. 
Brinton 1 termed this division “ethnography.” • 

The second group of anthropological studies deals with every¬ 
thing that bears upon the domestic and social life of men. A de¬ 
scription of a single group of mankind is sometimes described as 
ethnography, and in this sense it should be a monographic study 
including alike the physical and psychical characters of, and all 
that is made, done, and thought by, the group under consideration. 
Ethnology is now becoming recognized as the term for the compara¬ 
tive study of groups of men, but it is by no means easy to distin¬ 
guish theoretically between ethnology and sociology, for by its 
etymology the latter signifies the science of the social man. Some 
authors make ethnology a part of sociology, others consider socio¬ 
logy a department of ethnology, while a few regard them as con¬ 
vertible terms. 

The simplest way out of the difficulty is frankly to admit that no 
hard and fast line can be drawn between the two subjects, but, 
indeed, this is always the case between allied sciences. Who can now 
define chemistry so as to separate it from physics, or delimit botany 
from zoology? Ultimately we have to recognize that our several 
studies of nature are merely so many “spheres of influence;” for 
the sake of convenience we attempt to pigeon-hole our investiga¬ 
tions, but sooner or later the artificial barriers are broken down. 

For example, perhaps very few sociologists would consider that 

a study of implements, boats, or houses falls within their province. 

but it is otherwise with the ethnologist. These objects are not 

regarded by him as, so to speak, merely superior claws, feet, or 

shells for individual men, but as the organs by which social man 

lives and by which he acts upon his fellows. The ethnologist rightly 

busies himself in part with these as he realizes that every implement 

or construction has a history, and he endeavors by patient inquiry 

to discover how and where it first arose and the influences that have 

modified its form or affected its ornamentation. The superiority of 

metal over stone, or of one kind of metal over another, or for cer- 

ta'ftvn purposes of the bow and arrow over the spear, of the cross-bow 

nverVhe long-bow, and of guns over bows; or the social effects of a 

canoe \>r of a communal house, or those caused by hunting or agricul- 

! 1>r - • Vinton’s fly-sheet of a proposed classification of the anthropologic 
sciences 'va>s published in the Proceedings of the American Association for the 
Advnncwnciit of Science. 1892: I reprinted it as Appendix A in The Study of 
Man. Anthropology was divided by Dr. Brinton into (1) Somatology — Physical 
ant' Experimental Anthropology; (2) Ethnology — Historic and Analytic An- 
t’ v oology; '■«« Ethnography — Geographic and Descriptive Anthropology; 
(4' Archeology > Prehistoric and Reconstructive Anthropology. 
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ture are considerations that do not concern the ethnologist alone; for 
the effect upon society of a superior weapon, a canoe, or of a house 
may be far-reaching, and all sociologists acknowledge the intimate 
connection that exists between occupation and social conditions. 

On the other hand, the construction of a theory of the origin, 
growth, and destiny of humanity, or the enunciation of principles 
applicable to the ordering of social life are alien occupations to the 
ethnologist as such. 

Probably the majority of ethnologists will admit that under their 
science may be classed those cultural activities which are broadly 
included under the arts, crafts, institutions, languages, opinions, 
and beliefs of all peoples. But here the old difficulty reappears, 
Where is the line to be drawn? Most sociologists appear to draw 
this line at civilization; they reserve to themselves the right to 
study the civilized states, while to the ethnologist they relegate the 
uncivilized communities. 1 It may be desirable to call the latter 
ethnical societies or ethnogenic associations, and the former demotic 
societies or demogenic associations;* but in practice it is often 
exceedingly difficult to determine whether a given community can 
be designated as civilized or uncivilized. 

As a matter of fact, a distinction of this nature does obtain for 
practical purposes. Implicitly, rather than explicitly, the ethno¬ 
logist does mainly confine his attention to the less civilized peoples 
or to the less cultivated classes of culture-peoples; but this is a 
matter of convenience, and he considers himself quite justified in 
making an occasional excursus into even the highest civilizations. 

The difficulty of discriminating between two allied subjects, such 
as ethnology and sociology, is repeated when the field of history is 
considered.* Historians themselves are divided in opinion concern¬ 
ing the legitimate scope of their study; some claim it as a science. 4 
others describe it as the artistic and emotional treatment of the 
whole past of mankind.* The two views, whether history is to be 
regarded as science or as literature, are irreconcilable only in then- 
extremes. Historical data require to be collected, authenticated, and 
classified according to that method to which the term “ scientific 
is often applied, but to which the designation “critical ” is equally 


also 

Can 

His- 


> Lester F. Ward, Pure Sociology: A Treatise on the Origin and Spontaneous 
D r^TG Sociology. .896, pp. .57, 299; c/. 

PP * "Vuoften asked, when should Aneient History be supposed to begin? 

L h nT'®T^g if ^iXy^Teaching o, History. 

Cambridge, 1901, p. 38. „ . .. _ _- AO 

4 J. B. Bury, An Inaugural Lecture Cambridge. 1903, p p. MV. 

‘ G. M. Trevelyan. “The Latest View of History, The Independent Review, 

1904, I, p. 395. 
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applicable. The presentation, however, of historical facts should 
be in that lucid manner which is the essence of style, adorned, it may 
be, but not obscured, by those graces which may be termed literary; 
but, after all, these remarks apply equally to the physical or bio¬ 
logical sciences. 

Probably there is not much real difference of opinion concerning 
the critical treatment of historical data and their arrangement and 
elucidation. Much of this lies beyond the sphere of the ethnologist, 
but it is otherwise with political science, which, according to some 
authorities, is the central science around which historical facts and 
problems should be grouped, and which coordinates them. Professor 
Seeley asserted 1 that political science began with the classification 
of states, then proceeded to study the functioning and development 
of a state, and later to the mutual relations of states. It is therefore 
evident that the student of political science must turn to the ethno¬ 
logist for data to assist him in his investigations. 3 

The science of history certainly does not cover the whole field of 
history; by its side, as Mr. Trevelyan has pointed out, three prin¬ 
cipal objects of history may be recognized: “to teach political 
wisdom; to restore our heritage in the ideals of the past and the 
lives of the noble dead; and to make us feel the Poetry of Time.” 
Political science should teach political wisdom, and history through 
literature has for one of its tasks the education of the emotions. 

It has been stated by Professors Langlois and Seignobos that: 
“The historian works with documents. . . . Every thought and 
every action that has left no visible traces, or none but what have 
since disappeared, is lost for history; is as though it had never been. 
For want of documents the history of immense periods in the past 
of humanity is destined to remain forever unknown. For there is no 
substitute for documents: no documents, no history.” 8 

The philosophical historian understands by history something 
broader and deeper than documentary history; he does not confine 
his conception of history to the social and political interrelations 
of certain European countries, or “ periods,” 4 but regards in his 

1 J. It. Seeley, Introduction to Political Science, 1896, pp. 18, 361. 

1 As Oscar Browning states. “It appeals at once to the statesman and to the 
antiquarian; it is equally interesting to the politician, to the student of the most 
ancient races, and to the explorer of existing rudimentary societies. It is a great 
t hing to have discovered that this is the best clue to the maze of annalistic facts. 
The merit of this discovery belongs justly to Professor Seeley and to Professor 
Freeman." The Cambridge Review, 1885, vi, p. 178, and pamphlet on The Pro¬ 
posed /V«c Historical Tripos, 1897. p. 15. 

s (V. Langlois and C. Seignobos. Introduction to the Study of History, 1898, p. 17. 
A., J. It. Tanner points out: “What is philosophically desirable is not al- 
practically possible, and though the historian can sometimes afford to be 
philosopher, the teacher of history must be a man of business. Experience 
allows that as a matter of business subdivision is essential." “The teaching of 
Constitutional History," in Essays on the Teaching of History, 1901, p. 51. My 
remarks do not apply to those who for educational reasons or for purposes of 
research are obliged to restrict themselves to limited periods, but to those who 
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purview all conditions, ages, and climes, or, in other words, he studies 
universal history. 1 Hence it becomes necessary to throw every 
possible light upon those shadowy beginnings of the culture-nations 
when all knowledge was stored in human brain-cells. Tradition has 
handed down to history only the most fragmentary traces of the 
unwritten lore, and these are totally inadequate to supply the 
documentary historian with sufficient data to complete his narrative. 
Here the ethnologist comes to the aid of the baffled historian and 
supplies him with accounts of existing peoples who have dallied 
along the road that leads to civilization, and amongst these laggards 
there can be selected parallels to the various phases through which 
various civilizations have passed. As geography and ethnology are 
•the open pages of those portions of earth-history, of which strati¬ 
graphy and archeology are the pages already turned down, so the 
history of the earth (geology) and the history of man are consecutive 
narratives that incorporate the past and the present. 

For the sake of convenience archeology is generally regarded as 
a subject of equal rank with anthropography and ethnology, but it 
bears the same relation to ethnology that paleontology does to bio¬ 
logy. The finds are fossil implements, shards, house-sites, and the 
like, but, as the paleontologist must be a zoologist if his dry bones 
arc to be vivified, so must the archeologist turn to ethnology for 
existing parallels or for suggestions as to the probable use or mean¬ 
ing of particular objects; hence the distinction between the finds 
of the archeologist and the collections of the ethnologist is not one of 
degree but merely a question of chronology. 

It is convenient to speak of the less advanced people in civilized 
communities as the “folk,” and folklore is what the folk think and 
do, and its essential charcter is that it is traditional. Practices were 
observed and copied, and in this way there has accumulated a vast 
amount of traditional thought and usage that has been handed down 
from the childhood of man, and is still being transmitted. Although 
the bulk of folklore is current among the less educated classes, there 
is a good deal persisting among the so-called higher classes, and new 


vagaries are constantly appearing. 2 

speak as if this method was. to say the least of it. the most important part of 

hlB * r \Vhat do we mean by a Universal History? Briefly: a History which slmll 
(first) include all the rac^s and tribes of man within its scope. and i 
shall bring all these races and tribes into a connection with.me; anothersuch as 
to display their annals as an organic whole, t-mversal H'story has to deal not 
only with the great nations, but also with the small nations;.not on ywit the 
civilized, but also with the barbarous or savage peoples; not only w»Ui‘ the.timM 
of movement and progress, but also with the times of silence 

nation. Every fraction of humanity 1ms contributed somethmg to the common 
stock, and has lived and labored not for itself only, but for others also through 
the influence which it has perforce exercised on its neighbors. James Bryce. 
“Introductory Essay," in The World’s History: A Survey of Mans Record. 
Edited by H. F. Helmolt, 1901, r. p. xxi. . ..... j f , 

* Two examples will suffice: “A lady living within the shadow of the walls of 
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Folklore bears the same relation to the study of comparative 
custom and belief that archeology does to ethnology and history, 
but with this difference, that the main data of archeology are 
tangible objects, whereas those of folklore are intangible: folklore 
may thus be described as psychical archeology. To take a zoolog¬ 
ical parallel, archeology and folklore bear the same relation to 
ethnology as paleontology bears to zoology, for the latter includes 
the study of the survivals of earlier types as well as the more 
differentiated forms that constitute the enormous majority of exist¬ 
ing animals. 

The historian, also, whether he deals with the history of an¬ 
cient civilizations, or even with that of early Europe, is dependent 
upon the archeologist, not only for the explanation of his docu¬ 
mentary accounts, but for the accumulation of fresh data. The 
classical scholar, the Egyptologist, the Assyriologist, and others 
who interest themselves in the resurrection of past action and 
belief fully recognize that the remains unearthed by the spade 
are of as much value to their studies as are written documents. 
No better example of this can be found than in the monumental 
translation and commentary of Pausanias's Description of Greece 
by Dr. J. G. Frazer, in which the text of the somewhat common¬ 
place Greek sight-seer is illumined with a great wealth of arche¬ 
ological lore, and the strange incidents recorded by the ancient 
writer are matched by suggestive parallels from European folk¬ 
lore or from the vast storehouse of Dr. Frazer’s ethnological eru¬ 
dition. 

“What a ‘cabinet of specimens’ is to a professor of mineralogy, 
what an ‘anatomical museum' is to a professor of anatomy, the 
tribes of the South Sea Islands may be to the professor of history, 
whether he teach from a chair or by means of a printed book. If 
only a small fraction of the time and intellectual effort devoted 
to the investigation of obscure points in the history of early Egypt, 
early Mesopotamia, early Greece, or early Italy—or indeed of 
early Britain — had been added to the little which has been de¬ 
voted to South Sea Island investigations of a similar kind, those 
points would have been cleared up more easily." So writes Vice- 
Admiral Sir Cyprian Bridge 1 and he proceeds to adduce exam- 

Harvnrd University maintains that carbons from arc lamps arc a sure prevent¬ 
ive of neuralgia." Frank Russell. President’s Address. American Folk-Lore 
Society. Sriencc, 1902. p. 569. “In many motor-cars is suspended a perforated 
stone. usually a sea-rolled flint with a natural U»re; this stone is supposed to 
act as protective amulet. It is supposed to confer safety on the fastest traveling 
motor-car, and there is many a speedy driver who in his heart ascribes his im¬ 
munity from accidents to the strange power of the perforated pebble." Daily 
Chronicle (London), March 14. 1903. 

’ < vprian A. (’.. Bridge, Introduction to The Caroline Islands, bv F. W. Christian, 
1899, p 0. 
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pies, culled from his own wide experience in various parts of 
Oceania, of present-day illustrations of events that happened 
before the walls of Ilios, or parallels in custom between the Micro- 
nesians and the ancient Germans. In my own small experience' 
I have passed in a week or two from the stone-age savagery of 
the Papuans to the barbarism of Borneo, which recalls in many 
respects the stage of culture at which Europe had arrived at the 
time when iron was replacing bronze. 

It has often been noted that the history of human culture is 
largely the history of the domination of nature by man; at first 
man was simply a creature of circumstances like any other animal, 
then gradually he commenced his work of subduing the earth. 
The donning of clothes and the discovery of fire rendered man 
less dependent upon purely geographical conditions. As the Right 
Honorable James Bryce says: “We need not pursue his upward 
course, at every stage of which he finds himself better and still 
better able to escape from the thralldoin of nature, and to turn 
to account the forces which she puts at his disposal. But although 
he becomes more and more independent, more and more master 
not only of himself, but of her, he is none the less always for many 
purposes the creature of the conditions with which she surrounds 
him. ... In the earlier stages he lies helpless before her, and 
must take what she chooses to bestow . . . but in the later stages 
of his progress he has, by accumulating a store of knowledge, and 
by the development of his intelligence, energy, and self-confidence, 
raised himself out of his old difficulties. ... As respects all the 
primary needs of his life, he has so subjected nature to himself 
that he can make his life what he will. . . . Thus his relation 
to nature is changed. It was that of a servant, or indeed that of 
a beggar, needing the bounty of a sovereign. It is now that of a 
master needing the labor of a servant, a servant infinitely stronger 
than the master, but absolutely obedient to the master, so long 
as the master uses the proper spell .'’ 3 The elucidation of this 
evolution of culture has been the work of ethnology. 

The interrelations between man and his environment arc mani¬ 
fest in multifold ways, since, as is evident to all, the physical 
conditions of a country, including the climate, the vegetation, 
and the indigenous animals, affect the life of the human inhabit¬ 
ants of that country. The main occupation of a people reacts upon 
its social life; thus, within certain limits, the character of the organ¬ 
ization of the family, the nature of larger social groupings, and 
the regulation of public life are products of the environment. Not 
less has the environment impressed itself upon the arts of life and 

* Head-Hunters: Black. White and Brown. 1901. 

1 J. Bryce, loc. cit., pp. xxri. xxvu. 
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as much also upon the complex activities that may be placed under 
the general term of religion. The religious conceptions of a hunter 
must necessarily differ from those of a shepherd or of an agricul¬ 
turist, and the religion of desert-dwellers must find a different 
expression from that of jungle-folk. 

Primitive men simply gathered vegetable and animal food, later 
they became definite hunters, and hunting-folk are still the least 
advanced of any people; they are what are termed ‘'savages." 

Under stress of circumstances certain peoples devoted themselves 
to agriculture, and, according to the local conditions, cultivated 
certain plants, each of which definitely reacted on the social life of 
the agriculturists. Other peoples became herders instead of hunt¬ 
ers of animals, and they necessarily were at first very mobile. 
Fishing-populations generally form characteristic communities that 
gain command of the seaboard. 

These four types of societies, with their several modifications, 
occurred in Europe in prehistoric times as well as in the early 
historic period, and the various ways in which they reacted upon 
one another were very marked. 

The agricultural peoples gradually brought the plains and for¬ 
est lands into cultivation. As they acquired wealth, they were 
despoiled by the herdsmen, who, being horsemen, could readily over¬ 
run the country and defy pursuit. The agriculturists could not 
well defend themselves, being unwarlike and footmen; but it de¬ 
pended upon the degree of the social evolution of the herdsmen 
how far the results of this conquest were lasting. Attila, Genghiz 
Khan, and Tamerlane neither organized nor administered the 
conquered populations; they passed like a hurricane, and scarcely 
left more lasting traces of their progress. The Turks are still only 
encamped in Europe, they are simply superimposed upon the 
peoples they dominate, and there is practically no assimilation; 
similarly the Manchus are aliens in China. On the other hand, the 
early Teutonic horsemen forced themselves upon the agricultur¬ 
ists of Gaul and permanently overlorded them; and the highly 
organized, cultured, religious enthusiasts who were trained in the 
Sahara established themselves in Spain for centuries. 

The Phcenician, and later the Greek, fishermen developed into 
more or less piratical merchants in the Mediterranean, as have 
the Malays in the East Indian Archipelago. In the North Sea the 
Scandinavian fishermen raided Ireland for gold and treasure, or 
set'led in Britain and Northern Gaul, their leaders becoming aristo- 

»tic landowners and rulers of the people. A similar history was 
r « poated in Slavia by the Scandinavian Varangians; thus it was that 
different branches of the same race gave their names respectively 
to England, France, and Russia. 
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The foresters and the miners, as such, have played only a pass¬ 
ive part in the history of Europe. 

Speaking broadly, we may say that human societies are molded 
by physical environment, conditioned by biologic environment, and 
stimulated by ethnic environment. 

As human societies become more complicated, their interrela¬ 
tions grow more complex; but in one form or another the struggle 
of classes continues. For the elucidation of the earlier phases of 
these and similar social or historical occurrences recourse must 
be had to the ethnologist, for it is his province to record the social 
constitution and the social kinetics of existing backward peoples, 
and it is only by these comparative studies that light can be thrown 
upon the past history of nations. 

Have we, however, a right to restore the past by an appeal to 
the present? The labors of such students as Andrle, Bastian, 
Durkheim, Frazer, Gerland, Hartland, Post, Ratzel, Robertson 
Smith, Steinmetz, Tylor, and others have, in the words of Dr. 
Brinton, proved there is something universal in humanity. “Its 
demonstration is the last and greatest conquest of ethnology, and 
it is so complete as to be bewildering. It has been brought about 
by the careful study of what are called ‘ethnographical parallels.'” 1 
Dr. Post does not hesitate to say: “Such results leave no room for 
doubt that the psychical faculties of the individual, as soon as 
they reach outward expression, fall under the control of natural 
laws as fixed as those of inorganic nature. ” 2 “ As the endless variety 
of arts and events in the culture-history of different tribes in dif¬ 
ferent places, or of the same tribe at different epochs, illustrates the 
variables in anthropologic science, so,” continues Dr. Brinton. “these 
independent parallelisms prove beyond cavil the ever-present con¬ 
stant in the problem, to wit, the one and unvarying psychical 
nature of man, guided by the same reason, swept by the same storms 
of passion and emotion, directed by the same will towards the 
same goals, availing itself of the same means when they are within 
reach, finding its pleasure in the same actions, lulling its fears with 
the same sedatives. ” 1 

On the other hand, absolutely necessary and invaluable as is 
the comparative method, it should not be abused. Things which 
are apparently similar need not necessarily be the same, for, as 
the biologists have long taught, analogy and homology are two 
very different things. Thus it is conceivable that two customs or 
simple ceremonies may resemble one another so closely as to ap¬ 
pear quite similar, but, however convergent their outward forms 

1 D. G. Brinton, “The Aims of Anthropology." Proceedings, American Asso¬ 
ciation for the Advancement of Science, 1895. xliv. 

* A. H. Post, “ Ethnologische Gedankcn,” Globus, LK, no. 19. 
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may be, if the motive for their performance is different we must 
not regard them as identical. The masters of the comparative 
method are fully alive to this danger, but it is one into which the 
enthusiastic beginner is apt to fall, and all the more readily as it 
is very difficult to ascertain the true motives for a given custom, 
and, too often, the performance itself has been very imperfectly 
recorded. 

So far I have considered what may be regarded as those aspects 
of ethnology which add to the sum of human knowledge; but we 
may safely urge that part of the business of ethnology is to provide 
data which can be utilized by the practical politician, and possibly 
at no very distant period this fact will be clearly recognized by 
those who aspire to a career in affairs, as well as by the faculties 
of those institutions where men are trained for public life. But, 
I would again assert, the practical application of ethnological data 
to current statecraft is not the province of the ethnologist. 

“To the aspirant for honors in the diplomatic service,” says Dr. 
Frank Russell, 1 “anthropology offers an admirable training. He 
learns the significance of the racial factor in national welfare; the 
measure and condition of progress; the principles of ethnologic 
jurisprudence; and also the characteristics of the particular people 
among whom his duties lead him. 

“For the legislator, anthropology must become a necessary pre¬ 
paration. America has problems whose solution calls for the widest 
knowledge of races and cultures. Such knowledge, free from po¬ 
litical bias and hereditary prejudice, can best be gained by the 
study of the science of man. 

“ Anthropology prepares the lawmaker and the jurist for the 
task of coping with crime. Criminal anthropology has explained 
the character and causes of criminality and degeneracy, and led 
to revolutionary changes in the methods of crime prevention.” 

As Dr. Brinton has pointed out, the branch of anthropology, 
which has for its field the investigation of the general mental traits 
of various peoples, for which the Germans have proposed the name 
Characterology ( Karacterologie ), "is that which offers a positive 
basis for legislation, politics, and education, as applied to a given 
ethnic group; and it is only through its careful study and appli¬ 
cation that the best results of these can be attained, and not by 
the indiscriminate enforcement of general prescriptions, as has 
hitherto been the custom of governments.” 2 Most civilized 
nations have living within their borders groups of people who 
differ in race, language, custom, and religion from the bulk of the 


*. ’ huxs. ll, “ Know, then, thvsolf.” 
'1 V 1002, p. 570. 

'*• Hruston, loc. cit. 


Journal of American Folk-Lore Society, 
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population. The arbitrary politician seeks to force all such into 
his Procrustean bed of wont and faith, as, for example, Russia is 
attempting to do in her Baltic provinces and in Finland; but surely 
there is a more excellent way. 

Perhaps still more are sympathy and knowledge required by 
those who have to deal with native races. There can be no ques¬ 
tion but that a full knowledge of local conditions and a sympathetic 
treatment of native prejudices would materially lighten the burden 
of government by preventing many misunderstandings, and thus, by 
securing greater efficiency, would make for economy. 

To look at the matter from the lowest point of view, even a slight 
frontier trouble means a direct expenditure for the local executive 
and a stagnation of trade. Commerce is, as it were, a sensitive 
barometer that fluctuates with every small variation of pressure in 
the political firmament and the pecuniary loss to a country is not 
to be measured by the actual expenditure consequent upon a trouble 
with natives, so much as by the indirect loss to the community at 
large; this can rarely be estimated, but it is none the less real. 

“To the man of affairs,” writes Professor W. Cunningham, 1 
“economic history may prove of interest from quite another 
reason — by furnishing a clue to unfamiliar habits and practice 
in the present day. The expansion of Western civilization has 
brought Europeans and Americans into the closest contact with 
many barbarous and half-civilized peoples, whose usages and habits 
are strange to us. For purposes of trade it is convenient to under¬ 
stand their methods of dealing; while the administrator who rules 
over them cannot easily see how the incidence of taxation will be 
distributed in their communities or what are the possibilities of 
social oppression against which it is necessary to guard. Some of 
the most regrettable blunders of the English Government in India 
have been due to an inability to understand the working of native 
institutions. A careful study of the past of our own race, or of the 
earlier habits of other peoples when natural economy still reigned, 
would at least have suggested a point of view from which the prac¬ 
tical problems in India might be more wisely looked at. By means 
of analogies drawn from the past we may come to understand the 
advantage, under certain circumstances, of fiscal methods that 
seem to be cumbrous, and the danger of introducing modern im¬ 
provements in a polity that is not prepared to assimilate them.” 

There are higher grounds than those of mere expediency for 
the carrying-out of this policy, and there ought to be no need to 
insist upon this point of view. Fortunately there are not lacking 


' W. Cunningham, “The Teaching of Economic History,;” in Essays in the 
Teaching of History, 1901, p. 46; cf. aLso W. F- Fhndere Petrie Report of British 
Association for the Advancement of Science, 1875, pp. 8Z0-8Z4. 
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examples of backward peoples being helped by the wise leadership 
of Europeans. I may instance the cases of British New Guinea, 1 
Torres Straits, 2 and especially that of Sarawak, 3 where many varied 
tribes are helped, under the “mild despotism” of His Highness 
Rajah Sir Charles Brooke, to govern themselves; the central idea 
of the Government being the benefit of the natives and the gradual 
betterment of their condition by natural growth from within, and 
this is successfully accomplished by a sympathetic knowledge of 
the people. 

Other examples of wise administration of native states by Euro¬ 
peans could easily have been adduced, but I preferred to limit my 
remarks to those regions that have come under my personal obser¬ 
vations. May I be permitted to utter one word of warning? For 
social evolution to be efficient and permanent it should be the result 
of a response to needs felt by the people themselves, and conse¬ 
quently such progress is usually very slow, for even the recent rapid 
advance of Japan is the result of long years of discipline and train¬ 
ing, without which she could not have seized her opportunities and 
improved upon her teachers. The Western world is passing through 
a phase of “ hustle ” which also manifests itself in a tendency un¬ 
duly to accelerate the cultural evolution of backward peoples. 

We have now to consider the problems of ethnology and the 
direction the development of the science should take in the imme¬ 
diate future. From almost whatever point of view we regard history, 
we find that the comparative studies of the ethnologist afford ex¬ 
planations of historical phenomena which the historical records 
are usually too imperfect to elucidate with sufficient detail. As a 
matter of fact it is hardly going too far to suggest that in the existing 
state of our knowledge the present explains the past more than the 
past explains the present. Hence the pressing need for complete 
ethnological investigations before the data arc lost. 

I may be wrong, but it appears to me that there are few special 
problems in ethnology that require elucidation to the exclusion 
of others. Some departments of inquiry are of greater importance 
in the cultural history of man than are others, but owing to the far- 
spreading interactions of human ideas and deeds, it is often very 
difficult to pronounce with any degree of certitude that a particular 
branch of inquiry is of such relative unimportance that it can safely 
be neglected, or even merely postponed. 

It may not l>e unprofitable, however, to glance at the five groups 
of subjects. 4 which, as I have previously stated, are regarded by 

\ '■ • Macgprgor, British New Guinea: Country and People, 1S97. pp. 41 , 97 . 
ic \ni POr,S lhr Cnmbrid 9 f ‘ Anthropologieal Expedition to Torres Straits, 

s L '-‘-G'inters: Blaek, White, and Brown, 1901, p. 293. 
these five fields of ethnological study were formally stated by J. W. Powell 



ETHNOLOGY: ITS SCOPE AND PROBLEMS 561 


certain ethnologists as the main divisions of their science, and to 
indicate some of the lines that require investigation. 

Esthetology embraces the study of the activities of mankind con¬ 
nected with more or less spontaneous sensations of pleasurable 
character. It has been said that among primitive peoples these 
activities appeal chiefly to the senses, and among the more advanced 
peoples they appeal largely to the emotions and to the purely intel¬ 
lectual faculties. 

Of late years considerable attention has been paid to the subject 
of decorative art, and there are few subjects studied by ethnologists 
which have such a wide range of interest as has this. It is being 
abundantly proved that, speaking generally, the majority of designs 
and patterns have a definite significance, and thus they are not 
merely pleasing and meaningless dispositions of form, or color, as 
so often are those of modern decorative artists. There is only one 
possible method of discovering the real meaning of any particular 
design, and that is by inquiry in the field, and even then it is not 
always possible to get all the information that is desired, for, as 
has been shown by von den Steinen, 1 Kroeber, 3 Boas, 3 and others, 
the same simple design may have different meanings, and often it 
is the original designer alone who knows precisely what was the idea 
that a particular decoration was intended to record; at all events, 
this is the case with the Plains Indians. How mistaken, therefore, 
is it for students to rely solely upon museum material, as still is too 
much done! 

What do we really know about the music of most of the backward 
peoples? 

The amusements of peoples deserve more careful study, but this 
is becoming increasingly difficult, owing to the recent rapid diffusion 
of alien culture among native races. A comparative study of games 
is being made by Culin, based mainly upon the collection in the 
Free Museum of Science and Art in Philadelphia; but here also 
much work must be done in the field before trustworthy results can 
be obtained. 


in the Introduction to the Sixteenth Annual Report of the Bureau of American 
Ethnology, 1894-95 (1897), when the term "sophiology was introduced (p. 
xviii). They were amplified by W J McGee in an address on I he Science of 
Humanity delivered before Section H of the American Association for the 
Advancement of Science, Detroit, August 9. 1897 (cf American Anthropologist, 
1897, p. 241: Science, Sept. 17, 1897. p. 413, and Annual Report American 
Association for the Advancement of Science. vol.LXVi p. 293; also cf. American 
Anthropologist (N. S.) i. 1899. p. 401). Major Powell elaborated his ideas in 
a series of essays published in the American Anthropologist (N.S.) I, 1899, pp. 1, 
319, 475; ix, p. 603; in, p. 51. „ _ . D ... , on . oco 

1 K. von den Steinen, IJnter den NalurrOlkem Zentral-Brasihens, 1894, pp. 258- 
270. 

’ A. L. Kroeber, American Anthropologist, 1901, in. p. 308; Bulletin, Ameri¬ 
can Museum of Natural History, 1900. xm, p. 69; 1902, xvm, p. 1. 

s F. Boas, Popular Science Monthly, Oct.. 1903; Supplement to Am. Museum 
Journal, iv, no. 3 (Guide Leaflet to Am. Mus. Nat. Hist. no. 15). 
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Whatever department of esthetology is studied, not merely must 
the objects or facts be collected, and their significance ascertained, 
but ever must one remember that they all have a psychological 
significance, and this too must be studied in the field; a highly sug¬ 
gestive presentation of this aspect will be found in Hirn’s Origins 
of Art. 

Technology. The study of what man makes and how he makes 
it, is one that has appealed to many workers. Our museums are 
full of weapons and utensils, but in numbers of instances our know¬ 
ledge about them is very imperfect. The localities from which 
objects are supposed to come are frequently vague and occasionally 
incorrect; the exact materials of which they are made, and the 
method in which they are made are rarely recorded. There are 
extremely few sets of photographs that illustrate all the stages in 
the making of an object; this latter is an important point, as the 
manufacture of primitive implements is fast disappearing. For such 
purposes the cinematograph might very well be employed by the 
ethnologist in addition to ordinary photography. 

Sociology. The progress of all cultural peoples has depended 
primarily upon social habits, and the tracing of this evolution is one 
of the most important tasks that the ethnologist has to accomplish. 
In taking a general survey of the literature of comparative socio¬ 
logy, one is at first sight inclined to think that a fairly adequate 
amount of information has been collected; but when one begins to 
analyze the material a very different impression is arrived at. The 
statements arc found to be too general and to lack precision in 
detail. Among less advanced peoples the communities arc usually 
rigidly organized, and definite duties are allocated to certain individ¬ 
uals according to their position in the community at large or accord¬ 
ing to their kinship. In order to gain a thorough knowledge of the 
construction of any society, it is essential that these several duties 
should be clearly recorded, and exact information should be given 
concerning the individuals by whom they are performed. It is 
precisely in such details that most accounts hopelessly break down. 
As the social structure of many peoples has been shattered by con¬ 
tact with Europeans it is of the greatest importance that an effort 
should be made to recover this class of information; in many cases 
it is probably already too late, but in others it is possible that 
something may yet be saved. As a matter of fact, a very large 
proportion of the earlier observations on the sociology of native 
races requires to be confirmed and amplified. 

Philology, or Linguistics, deals not so much with languages as 
with language, its origin, nature, and laws, and in addition to the 
spoken language the ethnologist studies gesture- and sign-language, 
w well as pictographic, symbolic, ideographic, and phonetic writing. 
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An interesting field for research will be found in the evolution 
of literature, but even this cannot be culled from existing books, 
as verbatim transliterations of tales, songs, and sayings are very 
rare, and free renderings, and abbreviated accounts are of little value 
from this point of view. 

Sophiology is a word invented by Major Powell to comprise 
the study of “inferences, conclusions, abstractions, beliefs, and all 
other forms of knowledge or pseudo-knowledge:” he defined it as 
“A science of opinions, including the activities of promulgation 
and acceptation.” Although it is true we have a mass of material 
dealing with these subjects, no one can admit that it is sufficient. 

Innumerable magical practices have been recorded, but even so, 
more information is required as to the method in which they are 
supposed to act. Dr. J. G. Frazer 1 regards religion as opposed in 
principle to magic, and holds that an age of religion has everywhere 
been preceded by an age of magic. Others, as Marett puts it, 2 con¬ 
sider that “Magic proper is all along an occult process, and as such 
part and parcel of the ‘God-stuff’ out of which religion fashions 
itself.” 

The problems of sophiology are fundamentally questions of 
psychology, and they require to be studied by those who have had 
a thorough training in that science. 

The appliances and ceremonies of religion are of the highest 
interest, and should be described with great minuteness, and the 
associated myths, which are probably always later than the observ¬ 
ances for which they are supposed to account, deserve to be written 
down. Of late years certain ceremonies have been described with 
an admirable wealth of detail and illustration by American ethno¬ 
logists such as G. A. Dorsey, J. W. Fewkes. Washington Mathews, 
J. Mooney, and H. R. Voth; and Baldwin Spencer, F. J. Gillen, and 
W. Roth have done the same great service to science in Australia. 

After all, ritual is but the outward form of the more important 
religious idea, and field-work undertaken by suitably trained observ¬ 
ers is necessary before much advance can be made in tracing the 
evolution and early vagaries of this idea. 

It is a matter for regret that, although a great deal is now being 
written on symbolism and religious art, comparatively little of it is 
the outcome of work in the field. 

To whatever department of ethnology we turn our attention, 
wherever we glance over the map of the world, the fact is increas¬ 
ingly evident that we need more extensive and more detailed obser¬ 
vations. The data upon which students at home have to rely are 

1 J. G. Frazer, The Golden Dough: a Study in Magic and Religion (2d ed. 
1900), i, pp. 63, 75. 

* R. R. Marett, "From Spell to Prayer.” Folk-Lore, 1904, xv, p. 160. 
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usually of the most imperfect character; this, however, is not at 
all to be wondered at when we consider the training of those who 
collected the information or the manner in which it was obtained. 
The reliable collector is as fully aware as is the helpless student of 
the imperfection of his record, and for this there is only one remedy, — 
more extensive and more thorough investigations in the field carried 
on by trained observers. 

Travelers and residents, naturalists as well as anthropologists, 
continually point out that throughout the world a very rapid change 
is taking place among nearly all peoples. The expansion of Europe 
has affected the less civilized peoples in very diverse ways, and 
this pressure has resulted in social upheaval, the upsetting of tradi¬ 
tional safeguards to morality, and weakening of old faiths. 

Owing to the withering influence of the white man, the more prim¬ 
itive peoples are more or less rapidly disappearing; either they are 
actually dying out, as are the Australians, who are quickly following 
the now extinct Tasmanians, or they are becoming so modified by 
contact with the white man and by crossings with alien peoples who 
have been deported by Europeans that immediate steps are neces¬ 
sary to record the anthropological data that remain. Not only are 
the opportunities for study fast slipping away, but this process is 
actually fastest in those countries where the most important results 
are likely to be obtained. There is no exaggeration in this. The 
delay of each year in the investigation of primitive peoples means 
that so much less information is possible to be obtained. 

A word of warning is not unnecessary. There is still a great 
danger that travelers will make it their first endeavor to amass 
extensive collections, quite regardless of the fact that a sketch or 
a photograph of an object about which full particulars have been 
collected is of much greater scientific value than the possession of 
the object without the information. The rapid sweeping-up of speci¬ 
mens from a locality does great harm to ethnology. As a rule only 
the makers of an object can give full details respecting it. and no 
traveler who is here to-day and gone to-inorrow can get all the 
requisite information; this takes time and patience. The rapid 
collector may get some sort of a story with his specimen, but he has 
no time to check the information by appeal to other natives, or to 
go over the details in order to see that he has secured them all and 
in the right order. 

It is now recognized that many native objects have a deeper 
significance than would be suspected by the casual observer. This 
can only be coaxed out of the native by patient sympathy. Some 
information may be “rushed.” but the finer flowers of the imagina¬ 
tion. the spiritual concepts and sacred aspirations, can only be 
revealed to those with whom the native is in true sympathy, and, 
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quite apart from idiosyncrasy, the time-element is a most important 
factor. No, the rapid collector does positive harm, as, like the 
unskilled excavator, he destroys the collateral evidence. He may 
add a unit to a collection, but its instructive value is reduced to a 
minimum: it is t/ie gravestone of a lost opportunity. 

A thorough scientific training is essential for satisfactory field- 
ethnology. It is quite a mistake to assume that practically any 
one can successfully undertake this class of research, for it is mainly 
owing to a lack of training that such a great deal of the work of 
the earlier observers requires to be done over again. There are 
numerous instances of men trained in various branches of science 
who have proved to be successful ethnologists, but preliminary 
instruction in ethnology would have saved them much time and 
would have considerably improved their results. We need travel¬ 
ers who can observe accurately and record intelligently, who have 


trained minds and can understand the value of evidence, who 
have sufficient previous knowledge to know what to look for, and 
who are instructed not only in all the methods of ethnological re¬ 
search, but who have been warned of the pitfalls that endanger 
the unwary. As the investigator usually has to study all the as¬ 
pects of the life of the people he visits, so is it necessary for him 
to have a wide knowledge of arts, crafts, and sciences, otherwise 
he will be unable to grasp the full significance of what he sees and 
hears. As a matter of fact, there is practically no branch of know¬ 
ledge which may not prove useful to the field-ethnologist. 

So far I have spoken merely of his intellectual equipment, but 
there are other qualifications which should not be passed over. 1 
The field-ethnologist should be an artist, or at least have the artistic 
temperament. Only thus will he be able to appreciate what it is 
in the art expression of the people he is studying that gives them 


' “There are also two poreonul traits which, it seems to me. are requisite to 
the comprehension of ethnic psychology, and therefore arc desirable to both the 
ethnologist and the historian, the one of these is the poetic instinct. 

" I fear this docs not round well from the scientific rostrum for the prevailing 
notion among scientists is that the poet is a fabulist, and is therefore as far oil 
as possible from the platform they occupy. No one however, can really under¬ 
stand a people who remains outside the pale of the world of imagination ill 
which it finds its deepest joys; and nowhere is this depicted so clearly as in its 
songs and by its bards. The ethnologist who has no taste for poetry may guther 
much that is good, hut will miss the best; the historian who neglects the poetic 
literature of a nation turns away his eyes from the vista which would give him 
the farthest insight into national character. , . . . .... 

“The other trait is more difficult to define. To apprehend what is noblest in 
a nation one must ones self lx- noble. Knowledge of facts and an unbiased judg¬ 
ment need to be accompanied bv a certain development of personal character 
which enables one to be in sympathy with the finest tissue of human nature, 
from the fiber of which are formed heroes and martyrs patriots and saints, 
enthusiasts and devotees. To appreciate these something of the same stuff must 
be in the mental constitution of the ol**orver." 

D. G. Brinton, An Ethnologist's Yuw of History, an address before the 
Annual Meeting of the New Jersey Historical Society at I ronton. N. J., Jan. 28, 
1890. 
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pleasure and satisfaction. He should be able to recognize the artistic 
impulse which from our point of view is a germ rather than a real¬ 
ization, and thus discern what the people are striving after despite 
uncouth and imperfect presentation. 

Finally, he should have sympathy. A great deal has been done 
by energy and intelligence, but the finest ethnological work can be 
accomplished only by that subtle quality that eludes definition. 
All sorts and conditions of men will open out and reveal their 
secrets and unveil their mysteries if approached in a spirit of 
camaraderie , but it is permitted only to the sympathetic to enter 
into the innermost shrine where are laid bare the hopes and fears, 
the ideals and aspirations, of another's soul. The rude and the 
rough, the cynic and the skeptic, cannot enter here. 

My plea, then, is for investigators, not for mere collectors; as 
many of the former as possible and as few of the latter. There is 
not much difficulty in finding men willing and competent to under¬ 
take such investigations if funds were forthcoming. One point 
is worth mentioning for their further encouragement: in most 
branches of scientific inquiry, later investigations, owing to more 
minute study, improved methods, or a new point of view, are apt 
entirely to eclipse the earlier discoveries. Now this is not the case 
with ethnological research in the field. The earlier the observa¬ 
tions are, provided they are full and accurate, the more liable they 
are to be of greater importance than the later ones. Students con¬ 
tinually refer to the oldest books of travel, and they will always do 
so. From this point of view it is evident that properly qualified 
investigators should set to work without delay. Every year's delay 
means that the work will be so much the less perfect. All who are 
concerned in any field of work can have the satisfaction of feeling 
that students of mankind in future ages will have to consult their 
publications, and they have the tremendous responsibility that 
what they write will have to be accepted as correct, as there will 
be no means in the future of checking it. 

The work that requires to be done is of so extensive a nature 
that no one institution, not even one country, can hope to do more 
than efficiently cover a small portion of the field. It appears to 
me that this is one of those departments of science that require 
coordination. Individual action can accomplish a good deal in 
restricted areas, but would not systematic cooperation be more 
efficacious in most cases? There are certain districts that need 
more immediate attention than others, and an international body 
should be in a better position to direct field-research towards the 
mo-t profitable districts and to facilitate the work of the investi- 
^••tors than a private individual. 
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More than once 1 have I pointed out that it is well from time to 
time to take stock of our knowledge and of our methods of in¬ 
quiry, to see whether we are working on sound lines. As the busi¬ 
ness man finds it necessary to go over his stock periodically and 
to balance his books, so also the scientific man, especially the 
biologist, should perform an analogous operation, lest perchance 
he finds out too late that he has been entering on a comparatively 
unprofitable piece of work, or has been neglecting valuable oppor¬ 
tunities. 

We can, perhaps, gain a clearer view of the question by look¬ 
ing at it from the standpoint of our successors. What opinion will 
the sociologist and the historian of a hundred, .or of a thousand, 
years hence have of the work now being done? What is the re¬ 
search they would wish us to have undertaken? The question is 
not a difficult one to answer. They will certainly and most justly 
complain if we busy ourselves entirely* with problems that can 
wait, which they can solve as well as we, while at the same time 
we neglect that work which we alone can do. 

Our obvious and immediate duty is to save for science those 
data that are vanishing. This should be the watchword of the 
present day. It is difficult to suggest an object more worthy of 
liberal support than this. In sober earnestness, therefore, I appeal 
to all those who are interested in the history and character of 
man, whether they be theologians, psychologists, historians, socio¬ 
logists, or anthropologists, to face the fact that a later generation 
may employ itself in working-up the results garnered by ourselves 
or in studying other subjects, but to this generation, and to this 
alone, is appointed the task to which I have now drawn your atten¬ 
tion. 

1 Nature, January 28, 1897, p. 305; Popular Science Monthly, January, 1903, 

p. 222. 
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APPENDIX 1 


Two years ago I published the following scheme, for which I was largely 
indebted to my friend Professor Patrick Geddes, that had for its object a pre¬ 
sentation of the mutual relations of the various branches of study with which 
anthropology is concerned. 
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The science of man is concerned with a portion of the same series of studies 
as arc zoology and botany, but, unlike them, it must be considered as it were in 
several planes. The lowermost plane is generally known in this country under 
the term physical anthropology, the “anthropology” of many writers; for 
which we also have the useful term of anthropography. A plane above this may 
be conveniently termed ethnology. A higher plane is that known as psychology. 
Beyond this wc need not go at present. 

Anthropology, like zoblogy and botany, may be studied under the aspects 
of anatomy, taxonomy, embryology, paleontology, physiology, ecology, and 
ctiol: ;y. 

A nthropography 


' !'.e anatomy of man is dealt with by the human anatomist, and it is only 
'vlici the anatomy and histology of the different races of men are treated com¬ 
paratively that they may be said to be anthropological. That is, (1) the purely 
< criptive study of man’s anatomy is human anatomy, preliminary alike to 

‘ Extracted from President’s Address [with slight alterations], Journal, Anthro¬ 
pological Institute, 1903, xxxm, p. 11. 
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comparative research and to practical application in medicine and surgery; 
(2) the comparative anatomy of man with other animals is comparative ana¬ 
tomy; (3) the comparative anatomy of man with man is anthropography. 

The analysis and classification of the various races of man is strictly a branch 
of systematic, or taxonomic, zoology; but if this subject had been left to the 
zoologists, very little would have been known at the present day about the races 
and peoples of mankind, and we are thoroughly.justified in taking it over. The 
geographical distribution of the human varieties comes in here, and would have 
been similarly neglected if it had been left to the general geographer. 

The embryology of man is clearly on the outskirts of anthropography; com¬ 
parative human embryology can scarcely be said to exist, but when it does it 
will fall more directly within our province. 

The paleontology of man has always been accepted as within the scope of 
anthropography, although it is equally a branch of vertebrate paleontology. 

Human physiology is primarily a part of comparative physiology; it is only 
when the functions of individuals of various races are compared inter se that they 
become anthropographical. 

The ecology of the nature-folk passes by such insensible grades into that of 
the culture-folk that it is difficult in practice to draw the line between them. 
The interrelations between the physical and biological environment on the one 
hand and the mere gatherers of food, the hunters, and even the simplest agri¬ 
culturists on the other, are very similar to those of mere animals, and so far one 
may speak of an anthropographical ecology. 

Finally, etiology in anthropography, as in zoology and botany, seeks to 
rationalize the evolution of the individual and of the race. While the embryo¬ 
logist and paleontologist 6tudy and describe the facto of ontogeny and phyto¬ 
geny, the ctiologist seeks to reach a rational explanation of each of these 
processes. 

Ethnology 

On turning to a higher plane we leave the natural man or homo), 

and pass to the social man (socius), and in etlinology, or sociology, ns it may be 
termed with equal propriety (“the natural history of social life," as Hr. A. II. 
Post terms it), we can retain a series of studies analogous to those in anthropo¬ 
graphy and zoology and botany. A description of a single group of man (f6rot), 
is sometimes described as ethnography, and in this sense it should be a mono¬ 
graphic study including alike anthropography, etlinology, and psychology. 

The anatomy, so to speak, of the social man (socius) is descriptive sociology, 
or the analysis of his institutions, and technology, which is the description and 
comparison of the tools he employs. 

• Social taxonomy deals with the clan, family, tribe, nation, and similar groups. 
The geographical distribution of these must not be tost sight of, and, as in zoo¬ 
logy or botany, is conveniently treated by the taxonomist. 

The origins and developmental phases of the occupations, institutions, and 
technology of cultural man are the analogue of the embryology of the natural 
man, and must be taken together with archeology, which is the paleontology of 
history. 

The actual functioning of the occupations and institutions of cultural man 
bears the same relation to their analysis that physiology docs to anatomy, but 
the relation is more intimate, as the one can scarcely be considered apart from 
the other. As the objects made by man belong to the analytical category, so here 
may be taken all methods of conveying ideas or information, from gesture-lan¬ 
guage to linguistics. 

The interrelations between various social groups, between male and female, 
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clan and clan, tribe and tribe, nation and nation, is that form of ecology which 
is more generally known under the name of economics and politics. 

Finally we have the attempt at an evolutionary interpretation of all human 
history, or ethnological etiology. 

Psychology 

A third plane of the study of man is one in which the limitations of the class¬ 
ification in the animal plane are largely transcended. Anthropography deals 
with man solely as an animal; ethnology, or sociology, studies all the enterprises 
of social man. Psychology takes us into the inner sanctuary of man, and while it, 
too, has its roots in his animal nature, it flowers, so to speak, in a realm of its 
own. 

The physiology of the senses passes through psychophysics into psychology 
proper. Sensations and mental operations can be analyzed and classified; their 
genesis can be studied partly by observation, partly by inference. 

Objects made by man may be studied concretely; the uses to which they are 
put in the individual or social life can be described; but there is also a psycho¬ 
logy of invention, a psychology of social function, a psychology of language. 

The psychology of the individual, and the comparative psychology of groups, 
are both subjects for study. Thus we arrive at the psychology of economics 
and politics: but have we not already passed beyond the legitimate bounds of 
our science? 



SHORT PAPERS 


Mr. Stansbury Hagar presented a paper before this Section on “The Astro¬ 
nomical Ritual of Peru,” in which was set forth the festivals of Peru as found 
by the Spaniards at the time of their invasion, and the authoritative explana¬ 
tions which have since been made in reference to their origin. Particular atten¬ 
tion was given by the speaker to the astronomical myths. The astronomical 
myths and ritual naturally followed the calendar changes, and the festivals, at first 
connected with the asterism crossing the meridian at midnight, were transferred 
to the opposite asterism through which the sun was passing at the time of the 
celebration, but one trace of the purely stellar system remained in the beginning 
of the rites after sundown. 

Propessor A. M. Tozzer, of Peabody Museum, Cambridge, Massachusetts, 
presented a short paper on ” A Few Survivals of Ancient Maya Rites in Yucatan 
and Chiapas.” 
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THE UNITY OF MENTAL SCIENCE 

BY GRANVILLE STANLEY HALL 

[Granville Stanley Hall. President of Clark University, and Professor of Psychology 
and Education, since 1889. b. February 1, 1846, Ashficld, Mass. A.B. Williams 
College, 1867; B.D. Union Theological Seminary; Ph.D. Harvard College; 
LL.D. Williams College, Michigan, and Johns Hcmkins University. Instructor 
and Lecturer, Harvard University, 1874-76; Professor of Psychology and 
Education, Johns Hopkins University, 18SO-89.] 

We have great reason to congratulate ourselves on the progress 
of psychology, not only in this country, but in the world, during the 
last quarter of a century. Not only have students, teachers, text¬ 
books, journals, societies, laboratories, and monographs increased, 
and new fields have opened and old ones widened, but our depart¬ 
ment has been enriched by original contributions that have pro¬ 
foundly modified our views of mind and even of life itself. For the 
first time in this field American investigators have borne an import¬ 
ant and recognized part in advancing man’s knowledge of the soul. 
Among these we take pride even in the presence of our distinguished 
foreign guests in naming 6rst of all James, who, more than any other 
American, has occupied and influenced the psychological thought 
of both experts and students here for a decade, and whose charming 
personality and style have done most to infect cultivated laymen 
in all adjacent fields with interest in psychology and to make Amer¬ 
ican thought known and respected abroad; Ladd, to whom we owe 
the first text on physiological psychology in English, and who, more 
than any other American, illustrates the old tradition of a system 
of philosophic thought large enough to embrace most of the topics, 
from the laboratory to religion; Munsterberg. who has not only 
done more than any of his distinguished Teutonic predecessors, from 
Agassiz and Lieber down, to make Germany and America know and 
respect each other, but has been the first to lay the foundations of a 
new efferent system of thought which harmonized the best in Fichte 
and Schopenhauer with the choicest results of the laboratory; 'litch- 
ener, with his thorough English training, whose ceaseless productiv¬ 
ity makes him already in the widening fields he cultivates our Amor- 
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icau Wundt, in a thoroughly and sometimes radically reconstructed 
and improved edition; Baldwin, the first here to attempt a logic of 
biology and sociology and evolution that should apply to genetic 
psychology; Dewey, who, much as he achieved in logic and general 
psychology, has done perhaps yet more to make these topics fruitful 
for education; Cattell, pioneer in founding two laboratories, the 
foremost editor in our ranks, who has boldly grappled the vast 
problem of individual psychology in a way which, if solved, must 
make even biography more scientific; in other related fields Royce, 
Ormond, Howison, Fullerton, Strong, who have done so much to 
restore the faltering belief in soul,freedom, God, and ultimate reality; 
Cowles, Donaldson, Myer, Hoch, Herrick, each marking advances 
either in exploring the obscure psychoses of mental aberration, ad¬ 
vancing our knowledge of the brain, correlating psychic symptoms 
and neural and somatic changes, and making the asylum tributary 
to science, — these inadequate references, not to mention my own 
associates, or even the score or two of younger men whose work 
already gives promise of a future richer in results than the past, 
and omitting, solely because I am too ignorant to speak of it, the 
department of sociology, bracketed with ours to-day, but which 
has also made advances perhaps hardly less signal,—these suggest 
my theme, which is simply a plea for yet more differentiation and 
specialization between men, departments, and institutions, and cer¬ 
tain modifications of method in our rapidly widening field. 

The idealist who holds that the world is man’s concept and that 
all science is a part of psychology can hardly object to the far more 
modest claim that it really does properly include logic, ethics, 
religion, esthetics, epistemology, and metaphysics; and those who, 
with Lotze, still cling to that dear old tradition of the theoretic life 
that its supreme joy is to attain the fullest expression of one’s own 
personality in a comprehensive philosophical system, must not 
carp if one who long since abandoned the youthful hope of attain¬ 
ing this felicity vents his own individuality a little, as, with your 
kind indulgence, 1 beg leave to do, excused somewhat by the con¬ 
viction that all systems, the most meager and the best alike, are 
only human documents, empirical data, votes, r6sum£s, returns, to 
be used at last as empirical data for some greater synthesis of the 
future. If psychology is already far more than a sub-department 
of physiology, anthropology, and psychiatry, or a sub-section in 
a philosophical system as of old, if we may justly reject for it the 
place assigned it in the hierarchy of Comte and Spencer as a link 
between biology and sociology, and now base it no less upon the 
latter than upon the former, and not only claim for it an independ¬ 
ence already achieved, but look forward to its ultimate hegemony 
in all the fields involving man's higher nature, or as being in a word 
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the culmination of humanism, it follows that we must regard all 
that all of us have so far done as only a prelude, that much of our 
work must be done over again, that the history of philosophy, instead 
of being philosophy itself, is to be subordinated as psychological 
material for a truer and far more comprehensive natural history of 
mind, and that the best of us are only morning stars which will pale 
and be forgotten as day advances. 

If the germs of soul are as old as life itself, and if its types are as 
distinct and as persistent as those of morphology, then, though we 
can no more define it than we can life, must we not draw the mo¬ 
mentous inference that consciousness alone is a very partial and 
inadequate organ of experience, and at best only one culminating 
stage, like a submarine plant’s leaves and blossoms that alone reach 
the surface? Does not experience by its very nature tend to lapse 
below the threshold of consciousness, and just in proportion as it 
becomes complete does it not sink beyond the reach of subject¬ 
ive analysis? Nay, more; does it not so strongly tend to become 
automatic that to become perfect it must lose even the power to 
be transmitted by instruction, but only by heredity? If so, must 
we not supplement the methods of internal by those of external 
observation, subjective by objective, and deductive by empirical 
researches? Just as history is now studied more as the daily life of 
the average man and as the play of but half-understood economic 
racial and telluric forces, and less as the mere records of battles and 
the acts of kings and courts, so must not psychology more and 
more centre in the study of love, pity, fear, anger, pride, conscience, 
beauty, love of power and wealth, sympathy, and all those social 
instincts that make our life their sport? Should we not find helpful 
biological suggestion in the example of Bateson and his growing 
circle of followers, who would go back to facts baldly recorded 
to lay broader foundations for their pyramid, instead of steepening 
its angles to a tower, or inverting it, and be content in some fields 
with a merely descriptive psychology that masses facts, not ignor¬ 
ing those that now seem most trivial, registering reflexes that, per¬ 
haps, appear but once in a lifetime, vascular and other somatic 
resonances that seem meaningless, in the hope that ultimately we 
may be able to infer something about the psychic states that once 
animated them and do something to restore the great volume and 
variety of lost soul and life that mechanism, missing links, and 
extinct species, animal and human, have taken out of the world? 

For myself, if I were challenged by some advocate of a psychology 
without a soul to improvise a working hypothesis of what soul may 
be like, I might boldly begin by assuming it to have been more 
potent in the past than it is in the present, but ever tending to vanish, 
as heat, which once made the earth incandescent, does to dissipate 
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itself; as something with which the deathless germ-plasm is more 
instinct than are the somatic organs it evolves, even the brain where 
it has now taken refuge; as something no less closely related than 
theology once made the persons of the Trinity to be among them¬ 
selves, with the nisus jormitivus, whatever that is, which, when the 
world was young and lusty, evolved all the products of natural selec¬ 
tion, developed and then differentiated hunger and love, adapted 
flowers and insects to each other, made instinct and inspired all its 
purposive acts without the aid of any sense of purpose, was shaped 
by all the forces that have modified life since it began; that domesti¬ 
cated useful and tried to exterminate noxious animals and plants, 
invented thousands of languages, the syntax of some of the lowest 
of which are the new marvels of philologists; that laid down the 
lines of the primeval religions and struck out all the unwritten laws 
and customs of social animals and tribal men, the latter more com¬ 
plex and perfect in many respects, as a recent English Blue Book 
on Africa insists, than any that civilized legislators have yet devised. 
On this view soul-life, when it was chiefly passion, feeling, impulse, 
may have been far more dominant over the body and all its processes 
tlian now. It was hot, intense, lived out close to the elements, always 
in sight of the edge of the fierce struggle for survival. It was more 
life than thought, more collective and racial than individual, shaped 
the world from within rather than, as science is now learning to do, 
perhaps, in a derived and secondary way, from without. Everything 
was genetic, nothing logical, while as yet no symptom of the great 
paralyzer, self-consciousness, had appeared. This was the great 
reality which our late developed and senescent, ingrowing intellect 
has lost and yearns for as old age yearns for its vanished youth. Its 
traces, fossils, remnants, still abound in our own body and soul and 
in life about us. but unless we can read our titles clear to this pleroma 
of life abounding, the psychologist will still have reason to grieve 
as an exile from his pristine paradise vainly seeking atonement with 
(Sod. the world, and self. Some type of soul-life has passed out of the 
world with every species that became extinct, every vanished tribe, 
with every child that develops into maturity, with every substitu¬ 
tion of self-consciousness and reflection for the naive, intuitive, 
spontaneous, and what we call the progress of knowledge is a com¬ 
pound of mingled gains which we keenly feel with losses that we far 
less keenly realize. 

When the intellect, which seems to have been developed late, as 
a new function ot adaptation to the external world, leaves the latter 
ai ; -ceks to introspect its own processes and reflect upon them, it 
. ; some important pons. This involution is hard, slow, and with 
. -.;.y siages. Perhaps first an* the half-instinctive musings on some 
memory-content of conduct as affecting pleasure and pain, or upon 
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motor impulses, or the somatic stages that accompany thought are 
more vividly sensed. Many laboratory experiments directed to other 
ends have as their best result the revelation of the intricacy of the 
simplest psychic operations. We find a mazy network of tentative 
associations and impulses struggling for survival or for emergence 
into the narrow focus of attention, chaotic irruptions into saner 
sequences of perception or thought, manifold shades or elements 
which language is far too clumsy and conventionalized adequately to 
express, distractions which must be ignored by an act of the will as 
we ignore all that is in the indirect field of vision. From all this we 
select out the few and meager factors we want. But if, instead of 
doing so, we yield to the diverticula and seek to note all that takes 
place within, .we soon feel that we are sane only by a small working 
majority of our activities, and that underneath the cosmos of habit¬ 
ual sequences and reasoned thought lies a vast and rank chaos of 
unorganized elements that defy order, analysis, or even description. 
Some are new and some, perhaps, older than history, or oven than 
man; some strong and compelling and some so pallid and imper¬ 
ceptible that many experimenters hardly suspect their existence, 
some congruent and some diametrically opposed to each other. 
But the tropical sea and jungle are not more rank with life. From 
all this we realize in a new and deeper sense that conscious mind is 
only a rather superficial product of gradual and half-unconscious 
selection, from all this vast seething psychic activity within, of those 
factors that are practical or most needed for the present conduct of 
life. Old systems and adjustments to earlier conditions arc ever 
disintegrating and left to lapse and ruin, although they long rever¬ 
berate in the subliminal field, echo in feeling tones, or on occasion 
have sudden resurgence in automatisms, outbreaks of passion, or 
insistent ideas and impressions, or arc injected like dikes into other¬ 
wise coherent conduct or thought. The power of survival of these 
rudimentary organs and processes of the past life of the soul is pro¬ 
digious. Perhaps they never quite vanish even asymptotically. If 
the purest science is the complctest description of origins and stages 
of development, psychology may. perhaps, never be complete. 

Leaving these, must we not hence infer that the conscious soul we 
know was evolved solely as an organ to regulate practical life; that 
there is no criterion of truth, save its value as a guide to conduct; 
that the sciences of nature and of mind are, can be, and mean only 
a system of rules for right living and thinking; that to ask what the 
world and soul are per se is an extravasation of the intellect which 
was kindled only to shed light upon the supreme problem of how 
to feel and act aright and to which it is subordinate as means to end; 
that to ask what mind and nature are per se and apart from all use 
by heart and will is paranoiac, or a new scholastic entity cult, because 
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the end of science, as well as the only real essence of mind, is service? 
Thus the quest of absolute reality must always end in the solipsistic 
involucre, which is only a new definition of zero, and pure thought 
purged of will, feeling, and sense cannot be an object of psychological 
study, for it does not exist. 

Mathematics, which is a formulation of the properties of time 
and space in the sensory, applies at most only to motion and force 
in time and space, and its objects are at the bottom, where those 
of psychology are at the top of the scale of evolution and complex¬ 
ity. From Pythagoras down to Herbart, Fechner, the hedonistic 
calculus in ethics which the vilest wretch may master without 
feeling the faintest impulsion to virtue, the Boolean and even com¬ 
mon deductive logic which never yet discovered anything, and, 
indeed, I think, every attempted application of mathematics to 
psychology, save only for the simple algebraic or other treatment 
of statistical data, have later proved an illusion, if not a mere affect¬ 
ation; and we owe to-day no more to any concept susceptible of 
mathematical formulation than modern physiology does to the 
old iatric school that so elaborately treated the bones as levers, 
the muscles as pulleys, circulation as hydrodynamics, digestion 
as trituration, and insisted, as Plato did for philosophy, that geo¬ 
metry was the best preparation for the study of medicine. Per¬ 
haps no two types of mind have less in common than the mathe¬ 
matical and the psychological, or help each other less and may 
hurt each other more. The former has given us hosts of defunct 
definitions, categories, and dogmas, and has constructed world¬ 
bestriding systems by concatenations of the high a priori kind in 
a way that must raise the query in every candid and impartial 
mind whether in the field of mind the precept “ truth for truth's 
sake” is not as dangerous as the dictum “art for art’s sake” has 
proven in its, and whether, beside the old injunction “ physics, be¬ 
ware of metaphysics,” we should not erect the warning “psychology, 
beware of mathematics,” and make due purgation of both its 
methods and its ideals. 

Thus, the first and, perhaps, the chief danger to psychology as 
a science to-day seems to me to be its tendency, as by an iron law, 
to gravitate to methods that are too abstract, deductive, specula¬ 
tive, and effectively exact. Other sciences long since threw off the 
influence of the old systems, many of which had dominated them, 
but psychology is still permeated by them. It still feels the charm 
of the old insolubilities of ultimate reality, of the relation of mind 
and body, parallelism or interaction, the primacy of feeling or 
so:.jatic changes, and is dominated more than it knows by inter¬ 
ests in the soul's future, by teleology, freedom versus necessity, 
all of which, so far as we see, can never be problems of scientific 
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psychology because they cannot be answered. The modern psych¬ 
ologist, too, can be neither materialist, idealist, positivist, dogma¬ 
tist, gnostic or agnostic, or, rather, is at the same time all of these 
in some way or degree. Such problems have a large and very im¬ 
portant place in the history of philosophic thought. Their culture 
value as disciplines is very great, but they belong to a stage of 
mentation now passing away and doomed perhaps ultimately to 
become as iberwundene Standpunkte, as those of vortexes, the 
plenum or vacuum, the Plutonic versus the Neptunic theories, 
have become for science. The ethical bearings of many of these 
questions once thought so great are rapidly becoming insignificant, 
but they still bulk large wherever psychologists are dominated 
by theological interests, or even accept, as far more do, their pro¬ 
blems at the hands of metaphysics. Our science is still, like Mil¬ 
ton’s tawny lion, pawing to get free from the soil in which it is 
just being born. Many text-books and treatises modulate from 
the latest science to the oldest speculative surds and speak in two 
alternating registers, while others evaluate new results by their 
bearings upon antique problems wrongly put in a pre-scientific 
age, but made venerable and most significant for history by the 
accretions of the best and most ingenious thought of ages. Thus, 
the second danger that besets our work is that it is not sufficiently 
emancipated from the now conventionalized criteria of past sys¬ 
tems of thought, and has not subordinated these as it should to 
be used not as finalities or solutions, but only as empirical data 
for larger generalizations that transcend them. But if it is the 
philosophy of philosophy, it comes to many of these problems not 
to destroy, but fulfill. 

The third source of danger to psychology arises from the theory of 
knowledge or epistemology. The human soul inherits the result 
of a vast experience acquired by the race, but innate in the indi¬ 
vidual, but the latter cannot validate much of it in his own re¬ 
stricted life. He is so surcharged with paleo-atavistic traces, tend¬ 
encies, instincts, from back, perhaps, to the amphioxus or even 
the amceba, that he often seems to himself to live and move in 
a world that is both within and without unrealized alien, and afar. 
What we inherit is so much better organized than what we ac¬ 
quire, it is so dominant and. perhaps, so unmodifiable and unac¬ 
countable, that the world and self seem shadowy, and our unre¬ 
flecting confidence in these is thus easily shocked out of its poise 
by Berkeley and Hume till some come to feel that a life so unex¬ 
plained is hardly worth living. When, in addition to these pre¬ 
disposing causes which for some diatheses may become a neurosis, 
the thinker leads a pallid, anemic life in academic isolation from 
the great, throbbing, struggling world, and in the study devotes 
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himself to passionless contemplation pampered by the second¬ 
hand knowledge of life derived from books, it is not strange in a 
precocious and over-civilized age, with more knowledge forced 
upon the mind than it can digest, that the veil of Maya sometimes 
settles fold on fold over the soul till it almost feels the panic of the 
claustraphobiac and must break out and away to find reality or 
smother. It feels that, like the Holy Grail, removed from the sight 
of carnal men, it can be sought only by those purged from all de¬ 
filement of the world of sense, but it must be found and quaffed 
or the soul be lost to truth. For those paranoiac minds sitting thus 
in prison, whose constitutional malady is aggravated by the doc¬ 
trine of the ideality of space, the greatest philosophic delusion of 
modern times, it is well to have highways of escape opened up out 
of agnosticism. For many, if not most, too, a touch of it, but not 
too much of it is, perhaps, a necessary part of the complex initia¬ 
tion of youth into its world; but the severer types of this disci¬ 
pline seem more suited to senescent than to adolescent men and 
races. For the psychologist, however, in pursuit of his legitimate 
vocation, to be liable to be held up at any time to prove that the 
soul has a brain or a body, that the self or the objects of sense exist, 
that other people and animals with similar organs to his own have 
similar subjective states, is just as irrelevant and as paralyzing 
as it would be for the physicist, chemist, and astronomer, and any 
old answer makes just as little real practical difference of any con¬ 
ceivable kind in the one field as in the other. Yet the need of such 
a cult and all its symptoms, how they came to arise and how very 
real they sometimes arc, and their forms of documentation in both 
the Oriental and the modern world, constitute not only a very im¬ 
portant, but a fascinating problem for inductive psychology, while 
the ways of meeting these needs are legitimate and now even press¬ 
ing questions of the higher individual pedagogy. 

Finally, as to the field and methods of scientific psychology, 
the present speaker feels profoundly limitations that prevent him 
from rising to the height of the great argument for unification so 
wisely proposed in the plan of this Congress, and can only briefly 
indicate a view perhaps yet more personal than what has preceded, 
recognizing that very different ones are held by many if not most 
of his w iser colleagues. First, no trace of sentiency, even the faintest, 
down to and perhaps even into the plant world, should be alien 
to our interest. If in doubt between Wasmann and Forel, on one 
liar' 1 , and the mechanical interpretations of the tropisms and 
taxies as held by Loeb, Bethe. and Uexkull, we should recall and 
pi -fit by the fate of Descartes’ conception that even the higher 
nimals were only automata. In experimenting on these, under 
i:e controlled conditions of the laboratory, we should not neglect 
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the observations of the field naturalists, nor ignore even the more 
valuable of the contributions of our agricultural stations, econo¬ 
mic zoology, the stock farm, and the menagerie, men hunters, etc. 
Studies here need sympathy as well as controlled conditions. We 
also want compends of what is known of each of the important 
animals and birds nearest to man, and to make contact with dy¬ 
namic or functional biology in its efforts to pass beyond morph¬ 
ology and investigate life, histories, habits, and causes of varia¬ 
tion, postulating that the manifestations of instinct are just as 
differentiated and as persistent as those of morphology itself. No 
philosophic prejudice should make us forget that animals have 
the same will to live, love of offspring, fear, anger, jealousy, indi¬ 
vidual attachments, memory, attention, knowledge of locality, 
home-making instincts and senses that we do. Nor should we deny 
that empirical methods, whether they have yet done so or not, 
are quite capable of giving sufficient evidence for the existence 
of psychic powers as radically different from our own as those 
claimed for photodermatism or the topochcmical sense of the an- 
tennre of ants. Not only, then, might the old maxim, " Psychologus 
nemo nisi physiologus,” be now also with much propriety reversed, 
but physiological psychology is now expanding both ways toward 
a larger biological philosophy, and studies of life and mind will 
henceforth be more and more inseparable just in proportion as 
genetic or evolutionary conceptions pervade our field. 

Child-study, which began so crudely and has long since silenced 
many, though not yet all, of the objections raised against it, has al¬ 
ready demonstrated its practical value for education, and is acquiring 
a place of its own in the literature of other departments, especially 
pathology, philology, and criminology, and is beginning \o prove 
itself a key of unsuspected value in unlocking problems connected 
with the prehistoric development of the race, supplementing stu¬ 
dies of the adult mind somewhat as embryology does anatomy 
and histology. It has not only made new connections between 
our work and the above departments, but is steadily developing 
a logic which, though as yet unwritten, is destined, in my own fond 
belief, to become an instrument of great value in reinterpreting 
the bionomic law of recapitulation, shedding new light upon early 
developmental stages, and thus giving psychology a genetic per¬ 
spective which it has so sadly lacked in the past. Students in this 
field are impregnating insignificant and transient acts, expres¬ 
sions, and feeling with new meanings. This work still suffers from 
the fact that, like the Renaissance, the Reformation, and to some 
extent Darwinism itself, it had to begin outside academic circles, 
which are now so rapidly opening to it, and develop popular in¬ 
terest and momentum before it could attain scientific methods. 
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It has thus survived and profited by a volume of honest criticism 
which would have swamped a less vital movement, and that, too, 
by many of the very ablest of our craft who did not at first fully 
understand its scope and value. Now, although we might point 
with justifiable pride to its books, journals, chairs, its body of re¬ 
sults that all accept, we believe that far greater results lie in the 
near future, and sometimes some of us indulge in dreams of a new 
dispensation of psychology doctrine with evolution more evolved 
as its centre. 

Again, a new alliance is now cemented with the psychological 
side of anthropology and even ethnology. With almost no aca¬ 
demic representation or support, it is our government that has 
developed a body of scholars that in the study of the Indian 
have, in the language of another, “set the world its best exam¬ 
ple of gathering and recording the myths, customs, rites, occupa¬ 
tions, and modes of life, thought, and feeling of the decadent, yet 
the most representative of all the races of the stone age.” Psych¬ 
ologists are learning to profit by this work and also to extend 
their interest to every such record of the sentiments, habits, so¬ 
cial organizations, and superstitions of primal man. As a natural¬ 
ist delights in new species, so we more and more both need and 
desire to profit by every new account that sheds light on how 
the remotest aborigine thinks, feels, and acts, and we do it with 
a psychic tension and exhilaration as if some great correlation with 
other allied fields impended. We feel a closer bond with sociology 
because it., too, is coming rapidly into rapport with anthropology 
and finding the key to so many of its problems in tribal and other 
consanguineous forms of early society. The reciprocal suggestive¬ 
ness of this department with psychogenesis is already beginning 
to bear fruit. 

So in mental and moral alienation we have a few precious and 
detached studies of psychic S3'mptoms in individuals that are almost 
classic. The older epoch-making interpretations of epilepsy by 
Huirhlings-Jackson, new views of hysteria, paranoia, a choice, fresh 
little literature on dementia praccox , a large collection of records 
of delusions, hallucinations, automatisms, and other phenomena of 
the border-land between sanity and insanity gathered at the 
behoof of an obsolescent hypothesis but interpreted in a way that 
has happily called attention to subliminal processes and also the 
methods of their exploitation by hypnotism; — many of these phe- 
nonena are devolutionary, others are normal states magnified 
h • disease ns if it were a microscope. Criminology, meanwhile, 
1 shown us feral man in our midst, and given a copious anthology 
of fact' about degeneration and perversion, many of which could 
now be used to make the teaching of practical ethics more inter- 
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esting and effective. It is high time that mental perversions should 
be represented by chairs in our medical schools, especially if they 
are to make headway against quacks and mind-curists, save the 
profession from some of the tragic experiences just # recorded so 
vividly in the confessions of Veresaeff teach the medical student 
that there is something to be learned outside bacteriology and 
anatomy, and qualify him to dominate the mind as well as the 
body of his patient, particularly in a land and age when psychic and 
nervous complications are more and more involved in diseases. 
We should not forget the old adage of Hippocrates, “God-like is the 
doctor who is also a philosopher," which will also bear reversing, 
and if the psychologist does not study very much anatomy, save 
the brain and its general structure, the new conception of which 
he should know, he must give much attention to physiology, and 
have its latest results accessible. At least the psychiatric clinic 
where nature performs her tragic experiments should always supple¬ 
ment those of the laboratory. 

All religions tend to decay, and must be incessantly revived 
and newly dispensed lest they become raucous and weazened in 
dogma, conventionalized in rites and rituals, and lose power over 
individuals, communities, and nations, and become divorced from 
science and life. The multiform symptom-groups of religious path¬ 
ology are a sad but fascinating chapter only just beginning to be 
written. Sacrifice and totcmism, the faith and prayer states of 
mind, asceticism, renunciation, miracles of healing, psychology 
of sects, Sabbath, saints, vows, and oaths, the conviction of sin, 
confession, ecstatic states, worship, the God idea in its many forms, 
the relations between religion and morals, — these and many more old 
problems, as they begin to be restated in psychological terms, beam 
with a new light, like the cherub faces in old canvases, awaiting 
reincarnation, which they must have if religion is ever to be again 
made interesting and influential for cultivated men. These themes 
demand a treatment quite apart from any problems of historicity, 
and should especially be represented in our theological schools, 
whose pupils ought to have some conception of what the soul they 
try to save is. Even the so-called philosophy of religion repre¬ 
sented by Ritschl and his divergent pupils has not got beyond 
the restatement of judgments of worth as suggested by Kant’s 
practical critique. 

In fine, revolutionizing as the thesis may seem to many, I be¬ 
lieve psychology should now be dominantly inductive and prac¬ 
tical. Even the old systems, grand as they were, must, as I said, 
be treated as data of a higher order, whose makers thought they 
were doing one thing, but turned out to have done something very 
different. Instead of laying bare the constitution of the universe, 
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they were only documenting their own souls with unusual fullness 
for the benefit of the future generalizer. Their work, suggestive 
as it is, was precocious, and their conclusions premature, and about 
all of it must, be done over again on a larger basis of facts, and our 
watchword must be not merely back to Kant or even Aristotle, 
but back to a reexamination of the primitive events of soul-life, 
gathered by the most systematic outer and inner observation, 
and even from history, literature, experience, and wherever psy¬ 
chic life is most voluminous and intense; pain, misery, famine, 
war, revolutions, shame, revivals, every passional state in which 
Despine says all vice and crime originate; love, fervid as 
Dante knew it, crowds, the struggles of the individual soul with 
besetting sin, which is the original form of dualism as experienced 
from Paul and Augustine down to poor Weininger, who lately 
shot himself because he could not overcome the evil within which 
his almost Manichean system set over against his ideals of good¬ 
ness. Especially as we advance from the study of sense and in¬ 
tellect to that of the will and feeling, the anemic thinker, who can 
realize in his own person so little of the stormy life of man, must 
seek every possible contact with it. He must live where he can 
among animals, children, defectives, the insane, criminals, pau¬ 
pers, saints, sinners, the sick, the well; must know grief and joy, 
— these, as well as the clinic and the laboratory, for here he fronts 
the bottom facts of the world. Next, he must supplement his at 
best meager first-hand experience with the proxy experience of 
others as recorded in books. Psychology lives not merely in the 
study, but where doubt and belief, sanity and inherited insanity, 
struggle together; where temptation and conscience wage their 
wars, in the mob, the cloister; where rage, terror, and pity be¬ 
come convulsive and sweep all before them, and where love of the 
lie usurps that of the truth. Once it was thought that the study 
of pure should precede that of applied science, but we are now 
coming almost to reverse this maxim in education. So psychology, 
especially in our practical age and land, must first study and teach 
how to live, love, learn, labor; must have something to say to all 
who reflect on reproduction, disease, health; and thus must first 
serve man well if it would later rule him wisely. If this view be 
correct, we must abandon many supposed certainties and finali¬ 
ties, and, with faith in a future far greater than the past has been, 
devote ourselves to severe and unremitting toil, perhaps for gen¬ 
erations; must often practice that hardest of all forms of self- 
restraint in our field, — the suspense of judgment, — assured that 
in the end psychology is to become queen of those sciences that 
deal with man, and reign among all the humanities somewhat as 
chemistry and physics are coming to do over the material world, 
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with a method, perhaps, sometimes no less exact and certain than 
these already have. So we shall at last attain a true metaphysics 
of realities behind sense and feeling which is the necessary crown of 
all science when it becomes complete. 




DEPARTMENT XV — PSYCHOLOGY 




DEPARTMENT XV — PSYCHOLOGY 


{Hall 7, September 20, 2 p. m.) 

Speakers: Professor J. McK. Cattell, Columbia University. 

Professor J. Mark Baldwin, Johns Hopkins University. 


THE CONCEPTIONS AND METHODS OF PSYCHOLOGY 

DY JAMES MCKEEN CATTELL 

fjames McKeen Cattell, Professor of Psychology, Columbia University, since 
1891; and editor of Science; The Popular Science Monthly; 7'he Library, 
and Archives oj Philosophy, Psychology, and Scientific Methods; formerly editor 
of The Psychological Review, b. Easton, Pennsylvania, May 25, 1860. Grad¬ 
uate, Lafayette, 1880: A.M. 1883; Ph.D. Leipzig, 1880; Student, Gottingen, 
Leipzig, Geneva, Paris, 1880-82; Fellow, Johns Hopkins, 1882-83; Student 
and Assistant, Leipzig, 1883-80; Student and Lecturer, Cambridge, 1886-88. 
Professor of Psychology, University of Pennsylvania, 1888-91. Member of the 
National Academy of Sciences; the American Society of Naturalists (President, 
1902); Fellow of the New York Academy of Sciences (President, 1902-03); 
Member of the American Psychological Association (President, 1895); Fellow 
of the American Association for the Advancement of Science (Vice-President, 
1898); and member of various other scientific and learned societies.] 

One of the verses in the treasure-house of Greek letters warns 
us against calling any man happy before he is dead. The greatest 
living English author lets one of his favorite characters say: “Hut. 
does incessant battling keep the intellect clear?” Such reflections 
may well lead us to distrust any attempt by one in tlie ranks to 
sum up the fundamental conceptions and methods of a science, 
especially of a young and growing science. It may be the preroga¬ 
tive of the student of psychology to write the biography of an 
infant, but he has not hitherto penetrated very far into its real 
life. I disagree completely with the eminent psychologist to whom 
the plan of this great Congress is chiefly due when lie claims that 
“the presuppositions with which a science starts decide for all 
time the possibilities of its outer extension.” Sciences are not im¬ 
mutable species, but developing organisms. Their fundamental 
conceptions and methods at any period can only be approached 
by a research into work actually accomplished. Had time and 
circumstance permitted, I should have attempted to make an 
inductive study of the contents and methods of psychology rather 
than to prepare three quarters of an hour of generalities and plati¬ 
tudes. But, as even the pedant knows, “Die Kunst ist lang, und 
kurz ist unser Leben.” The court poet must console himself for 
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the deficiencies of his ceremonial verses by reflecting on the honor 
of being permitted to write them. 

The concept of a science is an abstraction from an abstraction. 
The concrete fact is the individual experience of each of us. Cer¬ 
tain parts of this experience are forcibly and artificially separated 
from the rest and become my science of psychology, your science 
of psychology, his science of psychology. From all these individual 
sciences, shifting not only from person to person, but also from 
day to day, there arises by a kind of natural selection a quasi¬ 
objective science of psychology. In a well-bred science, such as 
chemistry, the conventions have become standardized; the dogmas 
impose themselves on the neophyte. But projectiles as small as 
ions or electrons break up the idols, and the map of science is re¬ 
modeled more quickly and completely than the map of Asia. 

Psychology has never had a well-defined territory. As states 
of consciousness appear to be less stable and definite than the 
objects of the material world, so the science of psychology is more 
shifting in its contents and more uncertain in its methods than 
any physical science. We arc told, indeed, in our introductory text¬ 
books that psychology is the science of mind, and that mind and 
matter are the most diverse things in the world. It is said, further, 
that psychology is a positive science, and is thus clearly distin¬ 
guished from the normative disciplines, such as logic and ethics. 
Words arc also used to set psychology off from sociology, history, 
philology, and the rest. But while all these verbal definitions may 
satisfy the college sophomore, they must be perplexing to the can¬ 
didate for the doctor’s degree. 

The distinction between mind and matter is one of the last words 
of a philosophy which does not yet exist, rather than an axiom of 
every-day experience on which preliminary definitions may be 
based. Wc cannot rest satisfied with an empirical psychology in 
which tlie distinction is self-evident, an epistemology in which it 
is explained, and a metaphysics in which it disappears. It may be 
that we follow Descartes rather than Aristotle in our psychology, 
not so much from the needs of the science itself as from the de¬ 
mands of the church, on the one hand, and of physical science, 
on the other. The church required souls that might be saved or 
damned; physics wanted a world independent of individual per¬ 
ception, and as the methods of exact science were extended to 
the human body, it became a part of the physical system. 

To us who have been brought up in the orthodox tradition, the 
views of some of those who have passed from natural science to 
metaphysics seem decidedly naive. Thus Mach entitles the con¬ 
cluding section of his Science of Mechatucs, “The Relations of Mech¬ 
anics to Physiology,'’ when he is discussing not the question as to 
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whether vital phenomena may be reduced to the laws of matter 
in motion, but the relations between sensations and the physical 
stimulus. Pearson tells us in his Grammar of Science that if the 
cortex of one brain were connected with another by a commissure 
of nerve substance, there would be “physical verification of other 
consciousness.” Ostwald lets energy do hermaphroditic service in 
the physical and the extra-physical households. 

But it is not certain that such ingenuous commingling of the 
mental and the physical worlds is more repugnant to common 
sense or natural science than the logical subtleties of the schools, 
which undertake to define, relate, or obliterate them. It is gen¬ 
erally assumed that a psychologist must be either an interactionist 
or a parallelist. According to the definitions with which our psych¬ 
ologies start, it is indeed true that mind and matter must either 
interact or in some way correspond without interaction. If the 
psychologist asserts that each brain is a centre for the creation of 
new energy or for interference with the configuration of a material 
system, he obviously subverts the principal generalizations of phys¬ 
ical science. He doubtless has a right to do so, but in the same 
sense as the cow has a right to stop the locomotive engine. If, on 
the other hand, the psychologist modestly admits that mind does 
not affect the physical order, he runs counter to the principal gen¬ 
eralization of biological science. If pleasure and pain, memory 
and forethought, are of no use in the struggle for organic survival, 
why should they ever have evolved? 

It requires less temerity to question the theories of biology than 
to deny the laws of physics. The survival of the fit may be regarded 
as a truism rather than as a discovery, if we call that lit which 
does survive. But fitness of this kind is so protean in its mani¬ 
festations in organic nature that the formula becomes somewhat 
vague. If an animal is inconspicuously colored, it is protective 
coloration, and so useful; if conspicuously colored, it is directive 
coloration, and so useful. It is somewhat difficult to guess the 
utility of the fantastic shape and color of each deep-sea fish that 
lives in perpetual darkness. Then there arc admittedly correlated 
variations, by-products of evolution, diseases and the like; it may 
be that consciousness is that sort of thing. If some kinds of con¬ 
sciousness, as the sense of beauty, arc of no use in the struggle for 
existence, all the rest may be equally useless, — an efflorescence 
exhibited when there is friction due to lack of adjustment between 
the organism and its environment. Finally, and most plausibly, 
it may be argued that minds have evolved in answer to final causes, 
and that organic evolution must adopt the principles of psycho¬ 
logy rather than prescribe to it. 

The interactionist seems to be in a worse plight than the paral- 
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lelist in the conflicts with our sister sciences, but the case is differ¬ 
ent before the court of common sense. The present writer cannot 
conceive how the parallelist gets outside the limits of conscious¬ 
ness. Why does he want anything to run parallel with the only 
thing he knows? He becomes at once a subjective idealist, and 
there may be no harm in that. But when the subjective idealist 
wants to live in a world with other men, he reinvents the distinc¬ 
tions that he had verbally obliterated. What he knows about the 
physical world is what his senses and the physicists tell him; if he 
likes to call it all consciousness or the unconscious, mind-stuff, 
will, or God’s thought, this may be emotionally stimulating, but 
no fact or law is thereby altered. The world may be God’s thought, 
without in the least preventing the parallelist from thinking illog- 
ically. 

If clarified experience is subverted by logic, we can of course be¬ 
come skeptics; but it is safer and wiser to wait awhile. Experience 
may become more clarified, our premises may prove to be at fault, 
even our syllogisms may be false. When it is said that a psychologist 
must be either an interactionist or a parallelist, and we find insur¬ 
mountable difficulties in the way of his being either, the trouble may 
be with the original assumptions. Matter and consciousness may not 
be two entities set over against each other. A perception may be 
both a part of my consciousness and a part of the physical world; 
an object may be at the same time in a world of matter in motion 
and in the microcosm of my individual mind. As my colleague, 
Professor Dewey, starting from an idealistic standpoint, claims, we 
may simply be giving different names to activity when it is tcnsional 
and when it is relatively stable; or as my colleague, Professor Wood- 
bridge, starting from a realistic standpoint, suggests, the relation 
of consciousness to objects may be analogous to that of space to 
objects. 

As I have said, the relations of mind to body and the distinction 
between consciousness and matter arc the last word of a philosophy 
that is not yet written, and I have no competence or wish to discuss 
them here. But the task has been assigned to me of considering the 
scope, conceptions, and methods of psychology, and it is my business 
to define the field of psychology or to acknowledge my inability to do 
so. I must choose the latter alternative. I can only say that psych¬ 
ology is what the psychologist is interested in qua psychologist. If 
* is said that this is tautological, it may be replied that tautology is 
. laraeteristic of definitions. If psychology is defined as the “ science 
of mind ’* or, what in my opinion is better, “the science of minds/ 9 the 
tautology is equal, and it appears to be more possible to determine by 
an inductive study the professional interests of psychologists than to 



CONCEPTIONS AND METHODS OF PSYCHOLOGY 597 


define the nature of mind or consciousness. Further, I am not con¬ 
vinced that psychology should be limited to the study of conscious¬ 
ness as such, in so far as this can be set off from the physical world. 
Psychology apart from consciousness is doubtless an absurdity, but 
so also is mathematics or botany. I admire the products of the Iler- 
bartian school and the ever-increasing acuteness of introspective 
analysis from Locke to Ward. All this forms an important chapter 
in modern psychology; but the positive scientific results are small 
in quantity when compared with the objective experimental work 
accomplished in the past fifty years. There is no conflict between 
introspective analysis and objective experiment —on the contrary, 
they should and do continually cooperate. But the rather widespread 
notion that there is no psychology apart from introspection is 
refuted by the brute argument of accomplished fact. 

It seems to me that most of the research work that has been 
done by me or in my laboratory is nearly as independent of intro¬ 
spection as work in physics or in zoology. The time of mental 
processes, the accuracy of perception and movement, the range of 
consciousness, fatigue, and practice, the motor accompaniments of 
thought, memory, the association of ideas, the perception of space, 
color-vision, preferences, judgments, individual differences, the 
behavior of animals and of children, these and other topics I have 
investigated without requiring the slightest introspection on the 
part of the subject or* undertaking such on my own part during 
the course of the experiments. It is usually no more necessary for 
the subject to be a psychologist than it is for the vivisected frog to 
be a physiologist. 

James and Wundt agree in telling us that the experimental method 
is chiefly of use as a servant of introspection; indeed, James says 
that there is no 11 new psychology,” “ nothing but the old psychology 
which began in Locke’s time, plus a little physiology of the brain 
and senses and theory of evolution, and a few refinements of intro¬ 
spective detail.” But our leaders in psychology have become our 
leaders by belying such partial statements. Although neither Wundt 
nor James has attempted any considerable experimental research, 
yet we look up to them as the founders of modern psychology. 
Wundt's original and laborious Physiologischc Psychologic, the 
Leipzig laboratory, and the Philosophische Studicn have been in 
large measure the foundation stones of experimental psychology. 
The broad opportunistic treatment of James, instinct with genius 
and fearless of logical inconsistency, has been of immense service 
in freeing psychology from traditional fetters. I see no reason why 
psychology, at least the psychology of twenty years ago, may not 
be said to be the subjects treated in James’s Principles of Psychology 
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and Wundt’s Physiologische Psychologic, with such additional sub¬ 
jects as other psychologists have included or might have included 
in their treatises. 

When the introspective purist says that the treatises of Wundt 
and James are potpourris of sciences, or that the kind of work that 
some of us have attempted to do belongs to physiology or to an¬ 
thropometry or nowhere in particular, there is a natural temptation 
to reply that much of introspective and analytic psychology belongs 
to art rather than to science. Such things may be ingenious and 
interesting, like the personae of Bernard Shaw or the mermaids of 
Burne-Jones, but we don’t expect to meet them in the street. An 
attitude of this kind would, however, be as partial as that which it 
seeks to controvert. Let us take a broad outlook and be liberal 
in our appreciation; let us welcome variations and sports; if birth is 
given to monstrosities on occasion, we may be sure that they will 
not survive. 

Any attempt at a priori limitation of the field of a science is futile. 
Even if, for example, consciousness and matter in motion were 
distinct and distinguishable, this would be no argument against a 
science of physiological psychology. Cerebral and psychical phe¬ 
nomena form one series, and if we have at present no adequate 
science which concerns itself with this series, it is owing to ignorance 
of facts, not at all to logical limitations. Matter, time, space, and 
the differential calculus may be as disparate as possible, but are 
brought together in the science of physics. If the psychologist can¬ 
not be shut out of the physical world, still less can he be excluded 
from the sphere of the so-called normative sciences. If any one 
takes a modern work on ethics or esthetics and tries to separate the 
treatment of “what is” from that of " what ought to be,” he will 
find himself engaged in an idle task. 

It. appears that the limits of a science are set largely by a psycho¬ 
logical constant. A single science has practically the range that can 
be covered by a single mind or man. From Aristotle to Hobbes and 
Descartes there were philosophers who could master nearly the 
whole range of knowledge and advance it in whatever direction they 
cared to turn. But even in this period, as knowledge accumulated, 
specialization began, and we find astronomers, anatomists, and 
other students of particular sciences. After Galileo and Newton 
the physico-mathematical sciences became completely divorced 
from the descriptive natural sciences, while psychology remained 
u: Jer the shelter of philosophy. It was only in the second half of 
the nineteenth century that the accumulation of certain facts and 
theories warranted their becoming the chief interest of a psych¬ 
ologist, and even yet it is more usual for a man to pass through 
a psychological period than to be a permanent psychologist. 
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While the first result of increased knowledge has been the estab¬ 
lishment of a number of sciences — say a dozen or a score — which 
have secured proselytes and to a certain extent limited and directed 
their activities, the further increase of knowledge must break down 
the artificial limitations. The late emergence of psychology has 
made easy an elective selection of material. We not only have psy¬ 
chologists who are also philosophers, but psychologists who are also 
physiologists, anatomists, pathologists, zoologists, anthropologists, 
philologists, sociologists, physicists, or mathematicians. Psychology 
is and will increasingly become united with professions and arts, 
with education, medicine, music, painting, and the rest. Even 
sciences remote from psychology, astronomy, for example, may 
have sufficient points of contact to occupy the entire time of a 
specialist. We not only have combinations between the orthodox 
sciences, but cross-sections through them, which may to advantage 
occupy the student, and which have full rights to be ranked as 
sciences. The phenomena of vision, for example, are scattered 
among the sciences of psychology, physics, physiology, anatomy, 
anthropology, zoology, embryology, pathology, chemistry, mathe¬ 
matics, etc.; they are important factors in certain fine and indus¬ 
trial arts; they are the basis of one of the most important medical 
disciplines. Why should not a man be a " visionologist ” or “ sight- 
onomer”? When President Hall gives us an original and unique 
book on adolescence, nothing is gained by attempting to assign it 
to one of the conventional sciences. The work of Dr. Galton appears 
to me to be particularly unified, but it does not belong to psycho¬ 
logy, nor to any other science. Why not call him an opportunist, 
or a liberal unionist, or a Galtonist, or, better still, call him no name 
at all? 

In objecting to an artificial limitation of the field of the psycho¬ 
logist, I by no means want to aggrandize his office or to let psycho¬ 
logy eat up the other sciences. The student of psychology is limited 
by the capacity of the human mind and of his own particular mind; 
he can, on the average, cover a range about as large as that of the 
student of any other science. If he would gladly get, lie would also 
gladly give. If he is an imperialist who would set his flag on every 
corner of the earth, he yet tears down no other flag, and welcomes 
the invasion of his own territory by every science. 

As I claim for psychology the freedom of the universe in its sub¬ 
ject-matter, so I believe that every method of science can be used 
by the psychologist. The two great achievements of science have 
been the elaboration of the quantitative method, on the one hand, 
and of the genetic method, on the other. The uniformity of nature 
and the rationality of things are here presented in their most con- 
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vincing, or at all events most plausible form. It would be an irre¬ 
parable limitation if either of these methods did not apply in psych¬ 
ology. In my opinion they not only do obtain, but must obtain. 
The mental and the physical are so inextricably interfused that 
quantitative and genetic uniformities could not exist in the physical 
world if absent from consciousness. If our mental processes did not 
vary in number, if they did not have time, intensity, and space 
relations, we should never have come to apply these categories in 
physics, chemistry, or astronomy. I am not prepared to attempt to 
clear up the logical questions involved; when water is muddy it is 
often wise to wait for it to settle rather than to keep stirring it up. 

Under the conditions of modern science nearly all observations 
are experiments, and nearly all experiments are measurements. A 
sharp distinction is usually drawn between an experiment and an 
observation. Thus Wundt, following Mill and other logicians, 
defines an experiment as an observation connected with an inten¬ 
tional interference on the part of the observer in the rise and course 
of the phenomena observed. But it is as properly an experiment 
to alter the conditions of observation as to alter the course of the 
phenomena observed. If the astronomer goes to the ends of the 
earth and photographs a solar eclipse, making all sorts of measure¬ 
ments and calculations, wc may say that this is an observation and 
not an experiment, but we have not made a useful definition; neither 
do we gain anything by deciding whether it is an experiment when 
a baby pulls apart a doll to sec what is inside. The real distinction 
is between the casual experimenting and observing of daily life, and 
the planned and purposive experiment and observation of science. 
Science is experimental qua science. 

1 consequently object to making experimental psychology a 
branch of psychology. It is a method in psychology, which is ex¬ 
tended just as rapidly as psychology becomes a science. The purely 
introspective or analytic observer does, according to the current 
definition, continually make experiments, because his introspection 
itself alters the process that he is observing, thus sometimes making 
his observations invalid as a description of natural conditions. On 
the other hand, the student in the laboratory may measure the pro¬ 
cess without any introspection or interference with it, and this may 
not be technically an experiment at all, but it gives a scientific 
description of the normal course of mental life. We are told that 
Adam gave a very appropriate name to the hog; science is not 
always so fortunate in its nomenclature. 

Most experiments, letting experiments mean attempts to increase 
'entific knowledge, are also measurements. Measurement is only 
description; but it has proved itself to be the most economical, 
»*ide-reaching. and useful form of description. What language was 
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for the evolution of primitive man, measurement is for the advance 
of modern science. As a word selects similarities and ignores differ¬ 
ences, so a measurement selects certain similarities from the con¬ 
crete manifoldness of things. That such a great part of the world 
can be described in terms of a few units of measurement, and that 
this description should lead to such useful applications, is truly 
marvelous and admirable. As I am writing these paragraphs, I have 
received a manuscript in which the author explains that the fact 
that the earth rotates on its axis in twenty-four hours, not varying 
a second from day to day, is a conclusive proof that it was created 
and set rotating by a benevolent being. If the days were shorter, 
he says, we could not get our work done, and if the days were longer, 
we should be too tired by night. It almost seems as though the 
world were made in such comparatively rational fashion in order 
that we may measure it. 

The physicist counts, and he measures time, space, and energy. 
He has intractable matter with its seven and seventy elements, and 
he may come across a substance as complex and perplexing as radium. 
But by and large he can describe his world in certain quantitative 
formulas. It is true that he accomplishes this in part by unloading 
on psychology qualitative differences, such as colors and tones. So 
much the more satisfaction to us if we can reduce them to quanti¬ 
tative order. Perhaps we shall have only partial success; but it may 
fairly be urged that psychology has done as much in this direction 
in fifty years as physics accomplished until the time of Galileo, 
or chemistry until the time of Lavoisier. 

The psychologist counts, and he measures time, space, and in¬ 
tensity. Even if it were true — I think it is not true — that mental 
magnitudes are not measurable, it would none the less be the case 
that mental processes are described in quantitative terms. This is 
attempted and accomplished in most of the researches published 
in our psychological journals. They describe measurements and the 
correlation of quantities; they show that a mental mechanics is 
more than a possibility. 

The physical sciences have been primarily quantitative, and the 
biological sciences are primarily genetic, but the physical sciences 
must become genetic, and the biological sciences must become 
quantitative. Psychology is from the start both quantitative and 
genetic. It may indeed be claimed that it is the science in which 
the genetic method has the most complete application. Every 
mental state, and every form of activity, is the result of develop¬ 
ment from previous conditions. If explanation, as distinguished 
from description, is possible anywhere in science, it is possible 
here. It is certainly difficult to penetrate by analogy into the 
consciousness of the lower animals, of savages, and of children, 
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but the study of their behavior has already yielded much and 
promises much more. Although those who make their psycho¬ 
logy coterminous with introspection cannot enter far into this 
field, they still have their own genetic problems. In whatever 
direction we turn, the harvest is waiting; it is only the reapers 
who are few. Almost every observation, experiment, or theory 
of organic evolution offers parallel problems for the psychologist. 
The development of the individual opens questions more numerous 
and more important for psychology than does the development 
of the body for other sciences. Senile, degenerative, and path¬ 
ological conditions are all there for psychological investigation. 
The evolution of society and the interrelations of individuals are 
being gradually brought within the range of genetic psychology. 
It is quite possible that the chief scientific progress of the next 
fifty years will be in this direction. 

The problems of psychology are certainly made endlessly com¬ 
plex by the fact that we have to do, not with the development and 
condition of a single mind or individual, but with innumerable in¬ 
dividuals. The traditional psychology has been disposed to ignore 
individual differences; but in attempting to prescribe conditions 
for all minds, it becomes schematic and somewhat barren. It is 
surely wasteful to select those uniformities that are true for all, 
and to throw away those differences which are equally fit material 
for scientific treatment. Linnarus instructed his pupils to attend to 
species and to ignore varieties, and this in the end tended to make 
systematic botany and zoology unfruitful. If the zoologist had 
limited his work to the discovery of facts that are true for all 
animals, and had ignored the differences between animals, he would 
have done something analogous to what the psychologist has 
actually done. 

It. may be that individuals cannot be grouped into species, or 
even varieties, but animals and plants are separated into species 
in accordance with the noticeable differences between them, and 
there are as many degrees of just noticeable difference between 
men as between related species. We have in any case the different 
species of the animal series and the different races of men for 
psychological study; it maybe that instincts and mental traits have 
specific or racial significance for the zoologist or anthropologist. 
We have the infant, the child, the adolescent, and the aged; we 
have tlie two sexes; we have the geniuses, the feeble-minded, 
the criminals, and the insane,—complex groups, to be sure, but 
open to psychological investigation. It may be that mental im¬ 
agery or types of character will give workable groups. But even 
if mental traits and their manifestations are continuous, we can 
study the continuum. The study of distribution and correlation 
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appears to open up subjects of great interest and having important 
practical applications. 

The question of the practical applications of psychology is the 
last which I shall touch. There are those who hold that there is 
something particularly noble in art for art’s sake, or in science 
divorced from any possible application. We are told of the mathe¬ 
matician who boasted that his science was a virgin that had never 
been prostituted by being put to any use. It is doubtless true that 
science justifies itself if it satisfies mental needs. It may also be 
true that pure science should precede the applications of science. 
But of this I am not sure; it appears to me that the conditions 
are most healthful when science and its applications proceed hand 
in hand, as is now the case in engineering, electricity, chemistry, 
medicine, etc. If I did not believe that psychology affected conduct 
and could be applied in useful ways, I should regard my occupation 
as nearer to that of the professional chessplayer or sword-swallower 
than to that of the engineer or scientific physician. 

It seems quite obvious that such knowledge as each of us has 
of his own perceptions, mental processes, and motor responses, and 
of the reactions and activities of others, is being continually used, 
more continually, indeed, than any other knowledge whatever. 
This knowledge is partly organized into reflexes and instincts; it 
is in part acquired by each individual. Control of the physical 
world is secondary to the control of ourselves and of our fellow 
men. The child must observe and experiment to fit itself into the 
social order, and we are always experimenting on it and trying to 
make it different from what it is. All our systems of education, 
our churches, our legal systems, our governments, and the rest are 
applied psychology. It may be at present pseudo-science, in the 
sense that we have drawn conclusions without adequate knowledge, 
but it is none the less the best we can do in the way of the appli¬ 
cation of systematized knowledge to the control of human nature. 

It certainly is not essential, and perhaps it is not desirable, for 
every mother, for every teacher, for every statesman, to study 
psychology, especially the kind of psychology at present avail¬ 
able. It is not necessary for a man to be cither a psychologist or 
a fool at forty; he may, for example, be both. But surely it is pos¬ 
sible to discover whether or not it is desirable to feed a baby every 
time it cries, to whip a boy when he disobeys, or to put a man in 
prison when he breaks a law. If each man were given the work 
he is most competent to do, and were prepared for this work in 
the best way, the work of the world, all the way from the highest 
manifestations of genius to the humblest daily labor, would be 
more than doubled. I see no reason why the application of sys¬ 
tematized knowledge to the control of human nature may not in . 
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the course of the present century accomplish results commensurate 
with the nineteenth-century applications of physical science to the 
material world. 

The present function of a physician, a lawyer, a clergyman, a 
teacher, or a man of business is to a considerable extent that of 
an amateur psychologist. In the inevitable specialization of mod¬ 
ern society, there will become increasing need of those who can 
be paid for expert psychological advice. We may have experts 
who will be trained in schools as large and well-equipped as our 
present schools of medicine, and their profession may become as 
useful and as honorable. Such a profession clearly offers an oppor¬ 
tunity to the charlatan, but it is not the only profession open to 
him. For the present the psychological expert should doubtless be 
a member of one of the recognized professions, who has the natural 
endowments, special training, and definite knowledge of the con¬ 
ditions that will make his advice and assistance of value. But in 
the end there will be not only a science, but also a profession of 
psychology. 
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The science of psychology essentially reflects in its development 
the way the human mind has been able at various epochs to appre¬ 
hend itself. The thought of any object is simply the conscious 
construction of that object; and this is as true of the sort of object 
— the mind — with which the science of psychology deals as of the 
object of any other science. As long, for example, as animistic views 
prevailed, a thorough-going positivistic treatment of the objective 
world was impossible; for the object constructed was not subject 
to regular law nor continuity of transformation and change. So, also, 
as long as the animal body was considered an exception to the posi¬ 
tivistic process, biology could not be a thoroughly developed natural 
science; for its object was a centre of capricious and mystically 
motived changes. This is true of psychology, and more emphatic¬ 
ally. For the object of the science of psychology is the mind, the 
object which it constructs from its own experience; that is, its 
object is just its own positive view of itself. We are accordingly 
led to see that the history of psychology is the history of the stages 
or modes of the evolution of reflective consciousness of self. 

I. Greek Psychology 

The evolution of psychological views among the Greeks is capable 
of fruitful interpretation from this point of view. The earliest views 
were necessarily those possible at a period of which the dualism of 
mind and body — self and external world — had not been achieved. 
The so-called “ materialists ” of Greece — who, just for the reason 
now given, would better be called “ protists,” “pro-noists,” “ project- 
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ivists ” (I shall use this last term), or something of like import, — 
looked upon nature as the “ one,” “ the undefined,” a moving labile 
object (water, air, etc.)- And it is characteristic of their views that 
they did not — because they could not — go on to make distinc¬ 
tions and differentiations in the lines of later more mature reflection. 
The period of their thinking in the history of opinion corresponds 
to the early adualistic or “ projective ” period in the individual’s 
personal development. The individual has a certain objective mass 
of material, “ protoplasmic ” in a figure, in which the dual reference 
to subject and object is not yet attained. The world, to such an 
individual, is one of “ first-appearance ” — not of matter and mind, 
nor of anything else which gives an antithesis of poles of reference. 
So the early thinking of the race was in this sense unreflective. The 
process of its theoretical interest did not lay apart its material in 
substantial categories; but it answered the question “what?” by 
the assertion of the sort of predicates which were its possible object¬ 
ive constructions at that stage. 1 11 

The positive character of this first period, however, shows the 
transition motive to certain later dualisms: the character of anima¬ 
tion, movement, change. In this respect, the Ionics suggest a further 
movement in the child’s development. The immature reflection of 
the individual finds, in the perception of animation and capricious 
movement, the road toward a solidified and concreted dualism. 
Through this type of reflection the world-circle closes in somewhat 
upon the personal centre. It neglects the fixed, changeless, inanimate 
things of the world, as in so far unexistent or hypothetical. In re¬ 
spect to them, the senses deceive. So in the thought of Heraclitus 
and Parmenides the becoming or change principle played its rdle, 
and the Greek mind began its career toward a form of dualism in 
which the “ fixed ” was of logical or contrast value, mainly, not an 
objective category. 

In this general epoch, the “ projective,” in the development of 
Greek thinking, we must place also the vot* principle of Anaxagoras. 
It was a principle in the line of the vitalistic or change hypothesis; 
and it remained, indeed, only a postulate of order, movement, 
immanence in the world. It was not a subjective, nor yet an object¬ 
ive (a subjective) principle. So far as it implied a dualism, it was 
one — that predominant one in Greek thought—of matter and 

1 This is not to say that the adult person himself — for example, such a 
thinker as Thales — was not self-conscious, and did not deal practically with 
the pnblem of self vs. things; but only that, in his reflection, he did not segre¬ 
gate t he elements of his one general experience in explicit dualisms, nor con¬ 
sider the objects in the two spheres of practical experience as separate and 
distinct. 

T' nay be explained here that I use the term "object” (and its adjective form 

11 •«.'ject»ve”) of any cognitive construction whatever — anything that may be 
known or thought about. 
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form, not of subjective and objective. It may possibly be considered 
as in so far an unreflective anticipation of Aristotle’s biological 
point of view, —so much, indeed, is possible, —but it was not in any 
sense an anticipation of the subjective point of view from which a 
science of psychology could isolate its peculiar matter. This accounts, 
no doubt, for its unfruitfulness in later thought. 

The real isolation of the subjective or “ inner ” seems to have 
begun with the Atomists, Leucippus and Democritus, in their famous 
doctrine of the relativity of the sense qualities.* This intuition led 
perforce, just as the same type of phenomena — the relativeness 
and deceptiveness of qualities, colors, odors, etc., in things — leads 
the child, to the wider question whether the “ inner” is not a sphere 
to be distinguished from the “ outer.” Indeed, in Democritus this 
antithesis is actually and fruitfully made. His other great doctrine, 
that of the “ atoms,” was thus made possible, and has remained 
possible for all time; for by definition the “ outer” had to be stripped 
of those relative and ambiguous predicates which had embarrassed 
earlier speculation. The atoms could do their work in the body of 
external reality; and the mind could do its separate work of know¬ 
ing that reality. This was a real advance upon the doctrine of “ ele¬ 
ments” as held by Parmenides and Empedocles. 

The subjective postulate, thus once arrived at in the individual¬ 
istic sphere of sensation, was to be carried out in the general sphere 
of truth by the Sophists; indeed, it was forced upon them by the 
social and intellectual conditions which made men Sophists in their 
generation. In the Sophists began the play of certain forces akin to 
those which we find enormously germinal in the narrower sphere 
of the individual’s personal growth. And in this our present method 
has further justification. 

The growing consciousness of personal quasi-subjectivc detach¬ 
ment from the world of impersonal things comes to the child 
through processes analyzed variously into motives of conflict, imi¬ 
tation, invention, discussion (and from the psychic point of view, 
introjection, absorption, realization) — a give-and-take or dialect¬ 
ical process between the individual and his fellows. In it all the 
essential fact of subjectivity in the actor’s thought of himself and 
others comes to birth. The actor becomes an agent; the observer, 
a creature of reflection; the spontaneous thinker, a possible amateur 

psychologist. . 

All this appears, there can be no doubt, in the Sophistic move¬ 
ment; and out of it, indeed, the first race-psychologist was born, - 
Socrates. In the views and methods of Socrates are focused the 
rays which are to burn inward to the core of the human self. This 
appears true of Socrates in the following precise points. 

1 Cf. Gomperz, Greek Thinkers, vol. I, pp. 320 ff. 
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(1) The Sophistic principle, homo mensura omnium (Protagoras), 
formulates the thought of an active and constructive centre in the 
individual. The individual’s or human nature’s reaction to the world 
gives all the measure there is for things. In Socrates this principle 
was developed in an anti-individualistic or social sense. 1 

(2) The contrast between "opinion” (8o£a) and "reason” (vovs), 
sharply brought out by the dialogue method in the hands of the 
master, Socrates, and developed by his disciples, now becomes more 
positive. 

(3) The view that truth is in general a thing of thought in so far 
eternal and immutable, — not, as in the earlier transition stage, a 
function of a principle of change essentially indeterminate in char¬ 
acter. This is the germ of Plato’s "idea” in which reality becomes 
explicitly an ideal postulate. 

(4) In Socrates the way is opened to the form of dualism of mind 
and matter found in Plato’s doctrine of matter (vAiJ). 

Not stopping to develop these points, — time does not allow, — 
we may still say that Socrates was mainly a Sophist, not a clear 
subjectivist. He reached subjectivism only so far as it was involved 
in a dualism of the general (truth) and the particular (appearance), 
and that in an experimental and controversial way. 2 He did not 
realize the thought of mind as a psychic content in distinction from 
body. 

Had Plato been possessed of the scientific interest, this distinction 
might have been made then and there; for Plato deduced a prin¬ 
ciple of matter. But, like Anaxagoras, with his postulate of mind, 
Plato’s "matter” remained a logical contrast principle, over against 
"form,” — a particular over against the general, —not a concrete 
reality; and the philosophy of reality was to remain a rule of vibra¬ 
tion between logical poles, rather than a synthesis of reflection. 

So far as a science of psychology goes, Plato must be classed with 
Socrates in what we may call the period of "experimental sub¬ 
jectivity.” 

In Aristotle, no less than in Plato, it is the outward movement 
of thought into reality that has the emphasis, not the development 

1 Against the individualistic interpretation for the Sophists generally, espe¬ 
cially Protagoras, see Gompcrz, loc. tit. I, 451 ff. 

It is confirmatory of the parallel made in the text between the Sophist’s and 
a stage in the individual's thought to note that Socrates’ position was not in its 
nature individualistic, but was reached and maintained in the midst of social 
opposition and discussion. The Socratic method was a social dialectic, or give 
and take. I do not know of any adequate exposition of the social — political, 
religious, etc. — factors which produced the Sophistic movement; but an account 
of a later analogous period — the rise of the Post-Aristotelian schools — is 
given in admirable terms by Caird in his Development of Theology in the Great 
Ph 'losophcrs, II. lect. XV. 

: The way which, when illustrated in the individual’s development, I have called 
the con-struct ion of a “semblant" object — a matter of psychic experimentation 
with materials, akin to the child’s playful and esthetic imaginative constructions. 



THE HISTORY OF PSYCHOLOGY 


609 


of the subjective as psychic. This movement is that described in 
modern genetic psychology as “ejection”: the reading of the sub¬ 
jective into the external and the interpretation of the latter in terms 
of some aspect of the world of thought. This reached its clear state¬ 
ment in Plato’s doctrine of “ideas,” that is, so far as the “idea” it¬ 
self was defined. It required a theory of the idea, however, only so 
far as that conception was to serve the metaphysical purpose. It 
did not require, nor did it receive, independent treatment, as the 
object of scientific research or even as content of consciousness. 
The dualism, however, was only a mediating phase of the return to 
a deeper monism or idealism: that of the unity of the particular 
and the universal. And in Aristotle, whose scientific impulse was 
strong, this reading of the subjective into the objective remained — 
in the doctrine of matter and form — a way of accounting for the 
organic character of the presented and objective world. It did not 
become a way of detaching the subjective. This is to say that 
Aristotle’s point of view, in discussing the facts of mind, is more 
biological than psychic or psychological. Mind has definition as the 
form of the animal body; and while this implies a reciprocal defini¬ 
tion of body, —as material for the realization of form,— nevertheless 
the emphasis is not on mind as such. 1 

Aristotle illustrates, indeed, an important fact in the history of 
science in general: the fact that positivism may be embodied in a sci¬ 
entific method before the criticism of the material is well advanced, 
and that the sciences of the objective order are usually well along be¬ 
fore the corresponding sciences of the subjective order attain their 
emancipation. The reason of this limitation in the case of Aristotle 
appears when we turn again to the parallelism between the individ¬ 
ual’s and the race’s growth in self-consciousness. The embodiment 
of the thought-content in things, by “ejection,” or, as the anthro¬ 
pologists say, by “personification,” suffices for a theory of the world 
which is animistic and vitalized, - for hylozoism, that is Hut this 
does not go beyond Plato. The next step is to reach, with Aristotle, 
a naturalism of the objective order, by the correction and limitation 
of the animistic concept. This the individual does on his part by the 
return movement of his thought, whereby he reabsorbs a body of 
predicates into the “inner” sphere. The psychic becomes, by this 
movement, the theatre of the more lawless, capricious, and un¬ 
manageable phases of appearance, and the world order remains 
what is left, — the regular, the manageable, the lawful. The fixed, 
before neglected, now becomes the essence of things. It is, no doubt, 
a practical distinction at first, and only afterwards becomes the 


* This is not to say. of course, that Aristotle did not “any valuable 

contributions to empirical psychology; he did. But 6tiU i it u> true that he did 
not develop a distinctly psychic method of treating consciousness. 
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subject of that theoretical interest which develops its positivism first 
of all in the objective realm. So the rise of science of the objective 
becomes possible. But not yet, evidently, can the psychic find corre¬ 
sponding treatment, as law-abiding and uniform in its movements; 
for if the inner sphere be constituted just by the segregation of 
materials in so far practically unmanageable, the theoretical treat¬ 
ment of them is thereby baffled; and a science of these contents 
must await the rise of a reasoned positivism of the inner life. 

It is necessary to point this out, for it explains certain nega¬ 
tive aspects of later historical movements — and why psychology 
as a science of content was so late a growth. In two later world- 
epochs, in particular, and in their respective world-thinkers, some¬ 
thing of the same situation presents itself. I refer to the rise of 
modern dualistic philosophy in Descartes, and the rise of Positivism 
of the stricter sort in Auguste Comte. 

II. The Dualistic Transition 

The transition to Descartes was made through the Stoic9 and the 
theologians of the Christian Church. The Stoics, reacting against 
the practical individualism of the Cynics and Cyrenaics, reached the 
concept of a sort of general selfhood which guaranteed law and 
order and virtue. This was a practical and eclectic rather than 
a reasoned attempt to overcome the dualism of their immediate 
predecessors. 1 The church theologians reasserted an individualism, 
but to them the individual became spiritual. 

In these precursors of Descartes there was worked out a genetic 
motive which is unmistakable also in the individual’s development : 
I mean the advance or progression from a dualism of “inner- 
outer ” to one of “ mind-body ” — from what may be called a distinc¬ 
tion of attributes to a distinction of substances. The individual 
proceeds, in his generalization, to carry over the physical part of 
his own person —separating it substantially from the psychic part 
— to the side of the “outer” as such. It is only when he is able to 
do this, and docs it, that the dualism of mind and body is any¬ 
thing like complete. The substantializing of the mental princi¬ 
ple which has so far proceeded by certain curious stages — being 
variously a refined physical something, a breath, the limiting no¬ 
tion and form of matter — now finally becomes the hypostatized 
substance which bears the psychic qualities. The substance soul 
(’ »es finally become logically detached, but mainly for theoretical 
and doctrinal purposes ; 2 for even then soul and body remain in 

' C/\ Cain I, lor. rit., lect. xvii. 

? The earlier eras* doctrine of transmigration, as in the Orphics and in Empe¬ 
docles, did not involve a reflective dualism; for the soul waa not defined as 
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so far attributal to each other, that either can be predicted on 
occasion as either cause or effect with reference to the other. This 
was notably true in the entire church development; and the view 
is still dominant in theology. This cause and effect bond is the 
last one that remained to be loosed. 1 

In Descartes, for the first time in the history of thought, cer¬ 
tainly of Occidental thought, is the psycho-physical problem spe¬ 
cifically set in the form of the conception of a natural relation 
between mind and body, considered as two separate substantial 
principles. The problem becomes: what is the relation? It as¬ 
sumes not only the dualism of the two terms, but their actual 
separation. Descartes not only reaches such a dualism, but he 
sets up the full relational problem of mind and body. And further, 
he identifies the spiritual principle with 41 inner experience” or 
“thought.” He is in advance of the church philosophy in this 
important respect, that while, to the latter, it was a problem of sepa¬ 
rating mind and body, to Descartes it was a question of bringing 
them together again. Descartes said that interaction was impossible; 
and the theory of preestablished harmony was the alternative. 

Why, then, it may be asked, did not a purely naturalistic psych¬ 
ology begin with Descartes? For much the same reason, I sur¬ 
mise, that it did not begin with Aristotle: because Descartes did 
not conceive the inner principle, the soul or thought, in terms of 
continuous and lawful change. Just in this was it contrasted with 
body. Extension is the sphere of geometry and physics; thought 
is the source of spiritual manifestations; and these two domains 
of fact, though parallel, are essentially heterogeneous. That this 
is true of Descartes is proved historically; just as the correspond¬ 


ing fact comes out in the comparison of Aristotle with Socrates. 
In each case a monistic idealism followed, not a scientific natural¬ 
ism. Socrates was followed by Plato, Aristotle by a new mysticism, 
while Descartes led right on to Spinoza. In each case, we find 
an attempt to transcend the specific form of dualism of its own 
period. 2 

a principle. When the dualism arose however, such %ncws ovaile.I tljcmselves 
of so much support, just as modern theologvsupphcsa doctrine of^mortality 
in support of the earlv anthropological be icf in a world ond^ I ut in psyclm 
logical terms, we ma'v say that such early religious and anthropological Y 1 *? * 
were object of practical and. in some cases. esthct.c interest, but not of the 
sort of theoretical interest which loads to philosophical 

1 I have pointed out elsewhere (Psychological Review, May. 1903) that the case 
of mind anybody is the last instance of that sort of comin.ngling of substances 
and forces. It is present in all the forces involved in 

* It is an interesting point that in each such case, the supposed reconcilia¬ 
tion is not logical, but, in a broad sense, esthetic: the motive in I lato is poetic, 
in the Post-Aristotelians it is mystic, in Spinoza it is 

be well to expound in its own place. It has its para n J h *. 

vidual’s mode of treating his dualisms. «. e bv the construction of objects 
which are valid from esthetic points of view. This is, I think, the normal genetic 
outcome. 
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III. The Postulates of Modem Scientific Psychology 


From the preceding exposition, I may venture to draw certain 
inferences of a negative sort: statements of what the thought of 
the earlier centuries lacked; and follow that with the positive 
characters belonging to the nineteenth-century science. 

What the earlier thinkers lacked, then, was (1) a full natural¬ 
ism in their point of view: a naturalism which could follow only 
upon a critical dualism of mind and body. Grant the dualism of 
inner and outer, take the further step to that of mind and body, 
then — and this is the needful thing for naturalism — admit the 
oneness of the knowledge of nature as a whole in the face of the 
cleft in nature which the dualism postulates. The thinkers we have 
been considering did not achieve this last step. They worked out 
their theoretical interest by establishing a philosophical solution 
of the dualism, or, on the other hand, resorted to an esthetic 
handling of it. 

(2) They did not achieve a positive way of treating all data 
as material of knowledge as such, material to be progressively 
systematized and enlarged by research. The former is the full 
scientific point of view; the latter is its method and instrument. 

What modern psychology has in addition is just the something 
that these early thinkers lack: 

(1) Naturalism, 1 or the view that all events or phenomena what¬ 
ever are part of a natural order, and are subject to general and 
ascertainable rules of sequence. 

(2) Positivism, 1 or the view that a methodology—a theory 
and practice of method — of research is possible, for the discovery 
of the rules or laws which govern the sequences of the natural world. 

Both of these scientific postulates hold for psychology. They 
have long been established in the physical or exact-quantitative 
sciences; they have been slow of formulation in the biological 
sciences; they are only beginning to have adequate recognition — 
especially, the second of them — in the mental and moral sciences. 
It is the characteristic feature of nineteenth-century psychology, 
that it has developed the first of these postulates fully and the 
second partially. 

IV. History of Nineteenth-Century Psychology 

The nineteenth century opened at a natural pause in the evo¬ 
lution of theories about the mind. In the flow of the great cur¬ 
rents, certain eddies had formed late in the eighteenth century. 

1 It should be noted that I speak of scientific, not of philosophical naturalism 
end positivism. 
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The dogmatic movement in Germany had passed over into the 
critical; and Kant had attempted a new esthetic reconciliation 
of the dualism of inner and outer. The Kantian psychology or 
anthropology is essentially a renewed subjectivism — that is, so 
far as it is “critical.” Neither scientific naturalism, nor positivism 
in the sense defined above, profited greatly from the work of Kant. 
Indeed the explicit attempt to refute Hume — to go no deeper — 
throws the weight of Kant as authority on the side of an essen¬ 
tially obscurantist attitude toward facts. Note the arguments 
in favor of a priori space and time, which very little careful obser¬ 
vation would have materially modified. And historically Kant 
led the way to what Hoffding calls the “romantic movement,” 
from Fichte to Hegel. 

Again in France an impulse was asserting itself away from the 
materialism of the sensationalists toward the naturalism of Rous¬ 
seau. Rousseau’s recognition of the psychic involved a truer nat¬ 
uralism than the view which denied the life of ideas and of all 
higher functions in favor of a sense-process materialistically in¬ 
terpreted. Neither Rousseau nor Condillac, however, combined 
both the two postulates. 

In England a science of psychology was emerging at the open¬ 
ing of the nineteenth century. Locke had broached a subjective 
naturalism, which the French sensationalists, as I have just inti¬ 
mated, developed on one side only. Hobbes was a positivist in 
much the same sense for our purposes as Comte. But in David 
Hume the two requirements of a true science of psychology were 
consciously present. Hume treats mind as a part of nature, — 
this is naturalism, — and he also works at the problem of discov¬ 
ering the laws of mental change by actual observation, — this is 
positivism. He is justified in both by his results; he is further 
justified by his extraordinary historical influence. 

If then we are justified in saying that David Hume is one parent 
of the science of psychology, — in the sense of the word tlmt places 
this subject in line with the other natural sciences both as to its 
material and to its method, — then we have to look for the other 
parent, I think, to France. Dropping the figure, we may say that, 
in Rousseau, France contributed an essential moment to the de¬ 
velopment of the science. Possibly this contribution should be 
called the Rousseau-Comte factor; as possibly also the British 
contribution should be called the Locke-Hume factor. 

The influence of the Rousseau-Comte factor, which is to-day 
more undeveloped than the other, but is now becoming fertile, may 
be shown by an appeal again to the analogy with the individual’s 
growth in personal self-consciousness. Anri as intimation of my 
meaning, I may refer to the Rousseau-Comte motif as the “social” 
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or “collectivist,” and to the Locke-Hume motif as the “personal” 
or “individualistic.” 

Taking up the genetic parallel, we may remark that the develop¬ 
ment of the positivistic postulate by Locke, Hume, and the Mills, 
in an individualistic sense, has proved inadequate, so far as it claims 
to exhaust the psychic matter. In the development of the indi¬ 
vidual the rise of the thought of a separate personal self is a late 
outcome of reflection. The early stages of dualistic thought are 
in so far social that the mind-body dualism is an abstraction in 
both its terms. Mind is many minds; and body is many bodies. 
The material of self is collective and distributive, not unitary nor 
individual. The child thinks self as a term in a social situation. 

If this be true, the science of mind must be one in which the 
abstraction of an isolated individual mental life is to be used 
as an instrument of method rather than as a truth of analysis and 
explanation. And there should be a science of psychology in 
which the material is, so to speak, social rather than individual. 
This point has been worked out only in recent literature, but its 
advocates may find the source of this type of view in the French 
thinkers now under discussion. 

Besides these two great movements, credited respectively to 
Great Britain and France, modern naturalistic psychology has 
had two important impulses. The first of these came about the 
middle of the century in the rise of the evolution theory, and from 
the side of biological science; the other from German beginnings, 
and from the side of physical science. I shall speak of these re¬ 
spectively as genetic psychology, finding its pioneers, Lamarck and 
Darwin, in France and England, and experimental psychology, 
founded by the Germans, Fcchner and Lotze. 

The various factors now distinguished may be taken up briefly 
in turn for consideration. I shall treat them under the two larger 
headings already set forth: Naturalism, comprising (1) the Brit¬ 
ish movement called above the Locke-Hume factor (empirical 
psychology), and (2) the French-British evolution movement 
(genetic psychology); and Positivism, comprising (1) the ltous- 
seau-Comte movement (social psychology), and (2) the German 
experimental movement (experimental psychology). 1 

1 Those- two headings are indeed not exhaustive nor mutually exclusive. 
The viewpoint respecting the material cannot fail to influence the method; nor 
the method the selection of material. For example, the Rousseau-Comte current 
i„ a direct gain to naturalism no less than to positivism; and the opposite is true 
of the Locke-Hume movement. 

The scientific treatment of mental diseases is also a most important matter, 
which should he classed under positivism or positive method. It is not within 
nn province — nor is the time ripe. I think — to estimate it. Its development 
i> one of the great tasks of the twentieth century (r/. Meyer, Psychological Bul¬ 
letin, Mnv-Junc. 1004, for an exposition of present-day tendencies and theories). 

As it happens, it fell to the present writer to draw'up a report on psychology 
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Before proceeding, however, it may be well to give a r6sum6 of 
principles, — the platform upon which the entire development is 
projected. This platform is that of cognitive and reflective self- 
consciousness of such a sort as that which the individual has at¬ 
tained when he thinks of his inner life as a more or less consistent 
unity, passing through a continuous and developing experience: 
a self different from things, and also different from other selves; 
yet finding its experience and exercising its functions in closest 
touch with both. And furthermore this touch with things and 
persons is so close that, whatever his reflection about himself may 
lead to, he accepts the facts, (1) that the world as a whole includes 
himself and others in its larger uniform processes, and (2) that the 
methods of its treatment of him through his body, are also his meth¬ 
ods of handling it. The individual must be, that is, first, a some¬ 
what careful naturalist, and also second, a somewhat skillful posi¬ 
tivist; and it is only when there Is the reflection of this sort of self- 
consciousness into the scientific endeavor of the race that there comes 
a time ripe for a truly scientific psychology. 

IV. Nineteenth Century Naturalism 

British Empirical Psychology. The empirical movement re¬ 
asserted in John Locke the subjective point of view reached in 
the dualism of Descartes. Furthermore, it attained In David Hume 
the return movement from a pure naturalism of the objective only 
to a corresponding naturalism of the subjective. Locke’s subject¬ 
ivism is seen in his doctrine of primary and secondary qualities, in 
which he renewed the relativity of Democritus and the Cynics, and 
in his polemic against innate ideas. Hume’s subjective naturalism 
appeare in his entire work. Hume's theories of ideas, belief, sub¬ 
stance, cause, all testify to his complete absorption in the thought 
of the psychic as a law-abiding and continuous flow of events. 

The most explicit result of this point of view appeared, how¬ 
ever, in the theory of Association of Ideas, upon which the school 
of British empiricists founded their psychology. James Mill, J. S. 
Mill, Thomas Brown, and Alexander Bain are the figures which 
are drawn large upon the canvas of association ism in the nine¬ 
teenth century. The theory of association, considered as a formula 
of general explaining value, was epoch-making historically, inas¬ 
much as it was the first general formulation made from the new 
point of view. 

for the other great American Exposition, that at Chicago in 1893. That report, 
entitled Psychology, Past and Present (published in the Psychological Review, 
and now incorporated in the volume Fragments in Philosophy and Science), goes 
into greater detail respecting recent movements and literature, with special 
reference to conditions m the united States. 
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In France, something in some degree analogous appears in the 
writings of Condillac and his associates before the voluntaristic 
reaction of Maine de Biran and Jouffroy. The postulate of sensa¬ 
tion was indeed a naturalism, as has been said above; but it was 
not motived in strict philosophical neutrality, nor did it issue in a 
general formula. At the same time it served to establish the Lockian 
tradition on the Continent, and to furnish a shibboleth which, though 
destructive enough from other points of view, nevertheless helped 
to clear the way to a saner empiricism. It should be noted, too, that 
there were in Germany sporadic intimations, and more, toward a 
fruitful naturalism; but that these remained without great influence 
— notably the remarkable work of Beneke — and had to be refor¬ 
mulated in later times, shows that, as matter of fact, the naturalistic 
movement did not receive any indispensable support from Germany. 1 
Beneke’s advanced positions, it is fair to add, are only now becoming 
generally known as anticipations of certain important genetic 
principles. 

The outcome of this great British movement is an established 
empirical tradition. The gain is seen, on one side, in the soil tilled 
for the sowing of evolution seed; it appears again in the established 
spirit of patient research which is the life-blood of science. In 
Alexander Bain we have the summing-up of the results for the whole 
mental life; as in Herbart, in Germany, we find them illustrated 
in a new Intellectualism; and in Herbert Spencer, their further 
development on a Lamarckian platform. In Spencer, it is true, the 
psychological point of view served the need of a larger philosophical 
purpose; but he shows that the naturalistic habit of mind had 
become so fixed that the association psychology could be recast on 
evolution lines, while claiming still that violence had not been done 
to its esscnt iallv empirical spirit. A later author, in whom the positiv¬ 
istic method is well realized, but in whom the genetic spirit is not 
fully developed, is William James; and still another, who will be 
named below as one of the pioneers of the experimental psychology, 
Wilhelm Wundt, is not only not genetic in his naturalism (being 
neo-vitalistic), but has also a corresponding limitation upon his 
method, in spite of its positivistic claim (being somewhat obscurantist 
in his demand that psychology shall yield support to a philosophical 
voluntarism). 

French-British Evolutionism; Genetic Psychology. The rise of the 
ger.rtic evolution theory in biology supplied the direct motive to a 
r* - hology. Lamarck himself recognized the psychological factor 
i:-. ie of his general principles — that in which he formulated the 

indeed, this might be put more strongly; for the era of the Enlightenment 

Germany brought a reaction toward the more mystical evaluations of experi¬ 
ence based on feeling — e. g., in Tctens and Schleiermacher. 
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function of mind as effort, struggle, etc., in modifying the organism 
to accommodate it to the environment. The explicit application, 
however, of the Lamarckian theory was due to Herbert Spencer, in 
whose work we recognize a conscious attempt to work out an evolu¬ 
tion theory of mind, as a branch of general cosmology. It is interest¬ 
ing that it was in the same generation, indeed in the same decade, 
that those other Englishmen, Darwin and Wallace, gave both 
biology and psychology alike an impulse which has established a 
genetic science. For Lamarckism is not positivism; only in Darwin¬ 
ism did a thorough-going positivism of method supplement and 
correct the naturalism of Spencer and Lamarck. The contribution 
consisted in the extending to mind of the methods of positive and 
comparative research, and the formulation of a principle, that of 
natural selection, which established genetic continuity and by which 
research has since been directed and controlled. It is somewhat 
remarkable that Lamarckism never secured the hold upon the minds 
of psychologists that it did upon those of biologists; and the progress 
to Darwinian positivism has had real reinforcement from workers 
in our science. 

Now — at the end of the nineteenth century — the genetic 
principle is coming into its rights. It has done most service hitherto 
negatively, in its antagonism to a psychology exclusively associa- 
tional, on the one hand, and to one exclusively structural, on the 
other hand. The earlier science was debtor, in its structural concept, 
to physics; it was a positivism of the atomistic or agenetic type. 
The latter is debtor, in its functional concept, to biological science; 
it is a positivism of the developmental or genetic type. However 
fruitful the atomistic, structural psychology has been, it lias had its 
word, and it is not the final word. A great era of research is upon 
us in the treatment of consciousness as a thing of functional evolut ion 
in the race, and of personal development in the individual. I his 
general psychology of the future has been prepared for in the physical 
mode of psychologizing, just as the general biology of the present was 
prepared for by the anatomical science of life which preceded it. 

Among those whose names should be mentioned as contributing 
either to the Lamarckian or to the Darwinian form of the genetic 
principle are Haeckel and Weismann in Germany; and among those 
powerfully aiding its acceptance in their respective countries are 
Ribot in France, Morselli in Italy, Romanes and Huxley in England, 
and John Fiske in America. 

V. Nineteenth Century Positivism 

French Positivism; Social Psychology. In France the progress 
of naturalism, in matters psychological, was much more rapid, and 
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its victory more complete, than in England and Germany. This 
difference is due, I think, to the different attitudes taken in these 
countries respectively toward the theory and practice of religion. 
In France, the theological bias and restraint, in which a certain 
conception of the mental principle was involved, were done away 
with before and during the revolution; and a positive scientific 
method was resorted to, to replace the theological — as witness 
Comte’s actual attempt at a religion of humanity. In England, 
Germany, and America, on the contrary, while the growth of natural¬ 
ism has gone on apace, the actual realization of scientific method 
has been slow and difficult. Such a step involves the giving-up of 
vitalism and the theory of interaction of mind and body, together 
with other formulations in which the theological spirit has lately 
taken its stand. 

In Auguste Comte we have a thinker whose dualism was ripe for 
a scientific psychology, but who nevertheless failed to achieve the 
point of view of law-abiding or subjective change. Comte was assez 
jiosilil in his claim. He took up the problem of an independent 
science of psychic processes; but from failure to recognize the sub¬ 
jective as such, denied its possibility. His objective monism is seen 
in his view that it is through the objective or positive series of facts, 
biological and social, that the psychic series is to be done justice to, — 
classified, arranged, and explained. 1 It is the reverse swing of the 
pendulum to that of subjectivism, though from a different theoretical 
support. It does not solve the dualism; as the idealistic monisms 
of Plato and Spinoza did not. And it parallels practically the same 
stage of individual reflection as these systems: that which recog¬ 
nizes the futility of the half-mature dualisms of practice and common 
sense. But in Comte the practical and the methodological were 
prominent, and he was urged on to justify the sort of naturalism in 
which these two motives issued. This he did by asserting the essen¬ 
tial fragmentariness and capriciousness of the psychic as such; while 
he should have held to a larger naturalism, in which the external 
and the psychic each develops its own positive method. 2 Of course 
it is no reconciliation of two terms to deny one of them; and such 
a procedure has not the merit of esthetic synthesis which we find in 
the great monisms. But nevertheless, the assertion of the universal 
claim of positive method was of the first importance: it carried 
forward one of the great naturalistic movements of history. 

Vhile the fruitfulness of the positivism of Comte was thus in 
‘cio-iee in general, not directly in psychology, yet it was only his 

! His inconsistency is seen in his appeal to the subjectivism of Kant’s relativ- 
i : of knowledge to refute metaphysics, while using the objective order to re- 
f :‘e the subjective point of view of Condillac and the spiritualistic school. 

* This was done by the school of English positivists who followed Comte in 
Ins attitude toward metaphysics. 
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personal convictions that hindered his coming into the psychological 
heritage as well. As it was, the spirit of his teaching awaited its 
working-out in a later generation. It was to the profit of sociology; 
for his negative answer to the question of positive psychology was 
possible only because of his affirmative answer to that of social 
science. The positive bearing of Comtean positivism comes out, 
therefore, in two ways: first, as announcing a general method, and 
second, as preparing the way for a social psychology which should 
reconstitute part of the domain assigned to sociology — that of 
psychic and social experience — in a separate science. 

As to this latter undertaking, — the isolation of the content of 
social psychology, — the requirement had already been met, in 
spirit at least, by Jean Jacques Rousseau. In Rousseau, to whom 
French naturalism owes its main impulse, we find two contrasted 
and in a sense opposing points of view, one positive and the other 
negative. These together tended to the segregation of a certain sort 
of material. These positions were, first, the positive “ return to 
nature," which took the form of individualism in politics and educa¬ 
tion (in The Social Contract , and Emile), and, second, the theory of the 
“ general will," which opened the way for a new collectivism, when¬ 
ever its implications for social psychology should be brought out. 

These positions of his predecessor might have led Comte into a 
truer view, and have brought about the establishing of a social 
psychology — a science of the “ general will" — in the spirit of the 
motto “ back to nature." But this, as we have seen, Comte did not 


realize. 

Undoubtedly, however, there is a profounder reason for the im¬ 
mediate unfruitfulness of the work of Comte — and this is my justi¬ 
fication for dwelling so long upon it. Pursuing the method employed 
above, we may still recognize the requirement that the science of 
mind follow the genetic stages of the individual's growth in self- 
consciousness. With this cue, we may say that it was impossible 
that a psychology of social collectivism could be established before 
a theory of psychic individualism had been fully worked out The 
individual is, indeed, truly a social person from the start; but this 
he himself does not recognize until he has lived through a period 
of strenuous unreflective self-assertion. Moreover, even then this 
consciousness of his social place is not in itself the adequate impulse 
to the theoretical interest to explain it. So social psychology, which 
embodies just such an interest, must perforce await the development 
of individual psychology and then serve to supplement it We are 
able to see this now, inasmuch as we are only now realizing the 
transition from the latter to the former; and it is for this reason, 
also, that we are able to sec why it was that both in France and in 
England the repeated claim of collectivism, both social and political, 
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was negatived and outlawed. Hobbes must yield to Locke, Comte 
to Mill and Spencer; and only after these latter could Bagehot, 
and Stephen, and Tarde arise, if, indeed, the renewed collectivism 
was to have a psychological foundation worthy of the name. And 
it is equally true that it is only as we work out the genetic processes 
whereby the reflective social self of the individual justifies its right 
to succeed the individualistic, that we can expect to see how society 
can rationally hope to reconstitute itself as more than a group of 
competing individuals. For having begun this work later, psycho¬ 
logy, notably in France and America, deserves praise. But it can 
succeed only as it maintains both the naturalistic spirit and the 
positivistic method of Comte. 

German Positivism; Experimental Psychology. The establishing 
of laboratory psychology is usually and rightly accredited to the 
Germans; but it is not so usually seen that this work does not involve 
a new point of view. On the contrary, it is the culmination of the 
positivistic movement sketched above. It not only admits the place 
of mind as a part of nature, but it suggests the employment of the 
methods of physical and physiological science. It arose in Fechner’s 
attempt to discover the law of connection between psychic and 
bodily events. Such a law once made out, research would be guided 
and also controlled by its recognition. 

Apart from the fact that the attempt failed, so far as Fechner’s 
investigation was concerned, the importance of the conception 
cannot be questioned. A later formula — that of psycho-physical 
parallelism — is indeed truer to the ideal of a working positivism, 
just from its negative and colorless character. But ignoring points 
of controversy, we may still say that many fruitful researches have 
been carried out in this field; and disabusing ourselves of too great 
optimism, we may still count laboratory work as a part of the heri¬ 
tage bequeathed to the twentieth century. No doubt we are to see 
fruitful formulations under the rule of which great discoveries are 
yet to be made. Together with the actual founder, Fechner, we 
should name Lotze as also a pioneer in experimental psychology, 
and Wundt as an effective builder upon their foundations. Other 
great names in this connection are those of Weber and Helmholtz. 


VI. Prospects 

In conclusion, it may be deemed proper to set forth the prob¬ 
able lines of development of psychological inquiry in the opening 
century. 

In the first place, it is clear that both naturalism and positiv¬ 
ism — spirit and method — are to survive in psychology, as in 
science generally. And for the reading of their future develop- 
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ment we may again appeal to the rule of individual development. 
Certain lines of probable advance may thus be discerned. 

(1) The thought of the unity of social content is a great step to¬ 
ward the breaking-down of any associational or other “privately 
conducted” science. The psychology of the future will be social 
to the core; and its results, we surmise, will be revolutionary in 
logic, sociology, ethics, esthetics, and religion, — the disciplines 
which are built upon psychology. 

(2) It follows that the position that the private psychic point 
of view is the only valid one is to grow more and more obsolete, 
among workers in this field. It will no longer be possible to claim 
that all truth about mind must be traced in some individual's con¬ 
sciousness, and that the laws of the science are to be those of ob¬ 
servable psychic continuity alone. Psychic events are intertwined 
with physical and biological events, and their sequences involve 
objective as well as subjective terms. The two sciences which will 
for this reason be brought into vital relation with psychology are 
physiology and sociology. 

The two lines of development just mentioned arc guaranteed by 
the essentially social — and by corollary, unprivate — character of 
our higher reflective processes. 

(3) The genetic point of view will be worked out in a method 
of research by which genetic science will take its place beside quan¬ 
titative science: psychology will become largely genetic or func¬ 
tional. The method in the biological sciences brought in by the 
theory of evolution consists essentially in the tracing-out of genetic 
sequences; a thing is defined in terms of what it does and becomes 
and of what it arose from. The anatomy of structure is only a re¬ 


stricted and largely descriptive branch of general biology. -So 
psychic processes are to be understood as phases of a continuous 
function; their meaning is in what they do or become and in what 
they arise from. The analysis of a cross-section of consciousness is 
either descriptive, and thus barren of further results, or it is hypo¬ 
thetical, and in so far possibly mythological. This is the essential 
defect, and the dilemma of a “structural” psychology.* 

The genetic movement is guaranteed by the current demand 
and need that the dualisms of partial reflection embodied in the 
older science be overcome. Only as a law of genetic development 
is realized can the postulates of self-consciousness at this period 
or that be justified. But the justification of one such set of postu- 
lates is, in each case, the abrogation of a former set, and the pro¬ 
phecy of a later set. The law of the whole series as such it is the 

■ It may be observed that even the association psycliology preferable to 
the modem attempts to reach a psychic atomism, and fron thrae to instruct 
the mental life; for the law of association deals with concrete actual units, 
and formulates real psychic happenings. 
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task of genetic science to establish. It is no longer possible to rest 
content with a science of body in one text-book and a science of 
mind in another text-book, each of which claims that no single 
text-book can be written from a point of view which explains the 
origin of the dualism of the two, and sets forth the goal at which 
the dualism is finally explained. Apart from private speculation, 
it is psychology alone which can solve this problem; since it is 
psychology alone in which the very movement itself by which the 
sciences are differentiated writes itself down as a form of reflec¬ 
tion. The origin, the motives, the object, the goal of thought it¬ 
self are just the content of psychology; psychology must become, 
therefore, more and more the interpretation and reinterpretation 
of the genetic movement of the entire thought-content. 

(4) Involved in the two lines of progress just indicated, — the 
social and the genetic, — and also confirming our expectation re¬ 
garding them, there will be a racial and comparative psychology. 
In racial evolution the human genetic series is objectively worked 
out; and in the animal world, treated by comparative psycho¬ 
logy, the corresponding pre-human series is displayed. Here psych¬ 
ology will come into vital contact with ethnology, on the one 
hand, and with animal biology, on the other hand. 

Thus described, the work of the nineteenth century in psych¬ 
ology has been indeed most important. It has established the 
science; it has set the direction of its future movement. It re¬ 
mains for the twentieth century to reach practical applications 
of its results, and to improve the methods and instruments of fur¬ 
ther discovery. The present outlook is that social psychology will 
be carried on in France and America, genetic psychology in Eng¬ 
land and America, experimental psychology in Germany and 
America. 1 And such an expression is only what may be put more 
explicitly in the form of the opinion that in no country is the 
outlook so bright for the science in all its branches as in the land 
of the Louisiana Purchase Exposition, of which this Congress of Arts 
and Science is the most interesting and perhaps the most remark¬ 
able part. 

1 In Italy the principal currents set toward pathological and physiological 
psychology. 
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I 

To-day we have arrived at the conviction, that though the great and 
complex totality, which we call reality, cannot be understood without 
more or less artificial isolation of elements and without an analytical 
inveetigation of the mutual relations of such elements, yet the ele¬ 
ments, which our science so distinguishes, are not to be considered 
as the constituent elements of the reality itself. In other words: 
the conditions of knowledge and of existence are not the same. 
Our ways of understanding arc not necessarily the ways nature 
follows in her production. This is the old fundamental thought 
of critical philosophy, which has slowly made its way, especially 
during the later years, not only among philosophers, but also among 
naturalists who have discussed the first principles of their science. 
Then the possibility appears of an irrational relation between 
thought and reality, — the possibility, that the analysis of thought 
cannot do justice to the great synthesis of reality. The validity 
of science does not suffer by this, because the analyses and dis¬ 
tinctions, which we undertake in order to arrive at a scientific 
understanding, ought to be founded, point by point, in observa¬ 
tions of the living and concrete reality. 
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In no domain of experience does this point stand out so clearly as 
in psychology. In the material world, the elements which we dis¬ 
tinguish have their position in space, one outside another, though 
an interaction is supposed to exist between them. But such an 
external relation cannot be valid in the domain of mental life. 
Here, the single element is so woven into the whole, that its very 
character is determined by it, and the whole is here not to be con¬ 
sidered as a mere product of the elements. In psychology, analysis 
and distinction have a more artificial character than in physical 
science. We have less right still to consider mental elements as 
absolute realities than to look at material atoms in this way. How¬ 
ever, there is no other way to scientific understanding of mental 
life than analysis on the basis of observation and experiment. 
And at its first beginnings, as at its limits, mental life has a spo¬ 
radic character, presents itself, at least apparently, as isolated 
sensations, so showing a great contrast to the character of totality 
and synthesis, which it has where it appears in full development 
and maturity. We have here an antinomy which is of great im¬ 
portance to all psychological research. We cannot explain life 
as a mere product of the elements distinguished by the analysis, 
neither as a product of the sporadic flashes, to which it seems to 
be reduced at its limits; and yet the elements, to which the analy¬ 
sis and the observation of limits conduct us, cannot but bear an 
inward relation to the concrete consciousness and its synthetic 
totality. 

This antinomy has had a great influence on the development of 
psychology. It manifests itself especially in the struggle between 
the two great schools, the one founded by Hartley and Hume 
and continued in the association-psychology and the Herbartian 
school, the other founded by Leibnitz and Kant and continued in 
the idealistic school of Germany. The first school leads to a mental 
atomism, while the other maintains the synthetic character of 
mental life. I am not going to follow up the history of this struggle 
in its particulars. There is no psychologist, whose general stand¬ 
point and special views are not determined by his position as re¬ 
gards the relation between atomism and synthesis in the domain 
of mental life. There is a temptation to dogmatize on both sides. 
They may both consider their particular point of view as an abso¬ 
lute and all-embracing one. 

There is a psychological atomism which looks at the elements 
of psychological analysis as absolute and real parts, mechanical 
composition of which produces the mental life. It forgets that 
the whole psychological problem begins anew in every mental 
atom. For as in physical science the atoms, which seemed to be 
absolute, turned out to be worlds apart, in the interior of which 
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movements take place and currents go on, so we are led to acknow¬ 
ledge that our simplest sensations are synthetic phenomena, con¬ 
crete totalities, corresponding to more or less complex physio¬ 
logical process. 

On the other hand, there is a dogmatism, which looks at mental 
life as an indivisible unity, perhaps a substantial unity, which 
defies all analysis. It forgets that mental life, as indeed all life, 
exists under a perpetual struggle against internal and external 
oppositions, and that even practical introspection discovers im¬ 
portant points of difference, for instance, at every choosing be¬ 
tween possibilities. Different dispositions and tendencies mani¬ 
fest themselves in consciousness. The points of difference, then, 
are not called forth by scientific observation and analysis, but 
they belong to life itself. As scientific analysis by its one-sided¬ 
ness always forces us to return to the great synthesis of life, so, on 
the other hand, we are forced by the internal tension of life to 
acknowledge the reality of differences and oppositions and so far 
to verify the results of scientific analysis. Only what life has con¬ 
nected, can be analyzed by us; but this connection does not ex¬ 
clude differences between the elements of life. 

In American literature the relation between analysis and syn¬ 
thesis in psychology has been energetically investigated by such 
eminent thinkers as William James and Hugo Miinsterberg. I believe 
that the last-mentioned thinker has been led to assert a stronger 
contrast between psychology and life than it is possible to maintain. 
It is always life which gives to psychology its materials, and intro¬ 
spection docs not begin in scientific analysis, but is a practical 
necessity which presupposes the existence of points of real difference 
within the totality of life. 

The contrast between analysis and synthesis in the domain ot 
psychology has to a certain point an affinity with the contrast 
between intellectualism and voluntarism. In the domain of sensa¬ 
tions and ideas the distinction between elements can be made with 
the least difficulty. It is the most articulated side of mental life, 
and at the same time the side which is most open to observation 
and experiment. The life of emotion and will shows a greater con¬ 
centration, and the synthetical character here shows itself more 
clearly. The over-valuing of the results of the analytical method 
very naturally leads to undervalue the importance of emotional 
and volitional life, and even, perhaps, to look at emotions and will 
as mere resultants of sensations and ideas. But it is impossible to 
deduce the mental concentration from the interaction of absolute 
elements, and the whole direction of the development of sensations 
and ideas is determined by the interests, values, and aims, which 
have their foundation and find their expression in emotional and 
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volitional life. The voluntarism, which was founded by Fichte and 
Schopenhauer and has an important support in the biological theory 
of the struggle for life, is more and more considered as the main 
point of view in psychology. 


II 

Both the incommensurability between analysis and synthesis, 
and the superiority of voluntarism compared with intellectualism 
ought to diminish the propensity to close once for all the conception 
of personality, as theology and speculative philosophy have often 
tried to do. Positivism and empirical philosophy are often accused 
of abnegating the conception of personality, and in our time the 
historical view and the theory of liberty are often contrasted with 
empirical psychology. But even the empirical, experimental, and 
analytic school of psychology presupposes an energetic and earnest 
recognition of the reality of personal life. This school is founded 
on the conviction that the value of mental life is not to be dimin¬ 
ished by being bound to certain conditions and subjected to certain 
laws. It studies then, with confidence, mental life in all ways which 
are open to science. 

The difference between the psychological schools depends on 
where the problem is found, and how the burden of proof is dis¬ 
tributed. Is the riddle of psychology how unity and continuity in 
mind are possible, or does the riddle arise when consciousness 
appears in a sporadic manner, in isolated flashes? That is the main 
question. But it branches out into many particular questions. The 
task of the synthetic school is to find the special forms of unity and 
continuity, which cannot be deduced a priori , and then to explain 
how it is possible that mental life in certain cases can have a sporadic 
character. The task of the other, school is to describe the particular 
forms and degrees of isolation, and then to explain how there can 
be unity and continuity in mental life. Every school of psychology 
ought to admit that so long as mental life persists, a perpetual 
struggle is going on between the synthetic and the sporadic tend¬ 
encies. When the character of unity prevails, the problem is, 
whether this unity is a mechanical aggregate, or whether it has a 
deeper foundation. 

Pathological psychology seems to me decidedly to prove the 
(ruth of the synthetic conception. Without continual mental labor 
e " psychological tension " (to use the expression of M. Pierre 
• et) cannot be sustained, and in mental disease this tension, 
..hout which consciousness cannot unite within itself a varied 
content of different elements, can only be maintained with a great 
and painful effort; very strong influences are then necessary, if 
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division or slackness are not to be the results. Isolated and sporadic 
phenomena are always setting mental energy a task. 

The conception of mental energy can, as all conceptions of energy, 
only be defined by the labor which is performed, the resistance which 
is conquered. There is so much more mental labor to be performed, 
the more elements or tendencies there are that have to be united in 
the same mental state, the more different these elements or tend¬ 
encies are, the stronger each of them is, the more intimately they 
are to be united, and the more remote in time they are from one 
another and from the present moment. It is true that in the indi¬ 
vidual cases it will be a matter of no little difficulty to apply that 
concept of psychical energy, whose possibility does here appear. The 
five factors of psychical energy can only be determined by careful 
observation and all-sided knowledge of the special historical and 
individual conditions in each single case. The number of elements 
or tendencies, the degree of their difference, the intensity of each 
one of them, the intimacy of their connection, the degrees of their 
distance in time, all this it is difficult to point out with certainty, 
and it varies from case to case. And to all this is yet to be added 
the velocity with which the mental functions of synthesis is to be 
performed. We have not here such simple factors as mass and 
velocity, by which physical energy is determined. 

An inexhaustible wealth of possibilities is conditioned by the 
very different ways and degrees in which these five separate cir¬ 
cumstances may appear. There is here a great field for observation, 
experiment, and comparison. The comparative psychology of indi¬ 
viduality is as yet in an elementary state. Only in the domain of 
psychology of religion, especially here in America, a movement has 
begun in this direction. But no theory can ever give an exhaustive 
description of the manner in which the different elements or tend¬ 
encies work together in any single state of a single individual. 
Here, as everywhere, the perfect individualization is to be attained 
by art, not by science. Art only can give a synthesis, which in some 
measure can do justice to the great synthesis of life. 

Ill 

New problems arise when we try to characterize the relation of 
psychology to its neighboring sciences. Psychology has a special 
relation, on one side to physical, and on the other side to historical 
and ethical science. And the relation can be shortly said to be that, 
in comparison with physical science psychology has a decidedly syn¬ 
thetic character, but in comparison with historical and ethical science 
a decidedly analytical character. By these contrasts the problems 
which arise at the limits of the different sciences are determined. 
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I have already mentioned that the simplest mental elements which 
tfe can distinguish correspond to very complex physiological processes. 
What psychologically appears quite simple is a physiological multiplic¬ 
ity. In a simple mental element must be combined what physiolog¬ 
ically covers several moments and a whole region of the brain. But 
there is also another thing which is of importance here. Mental ele¬ 
ments are qualitatively different one from another, while we have 
reason to believe that the correspondent processes in the brain are 
only different as regards intensity, direction, and combination. What 
psychologically appears as differences of quality is from the point 
of view of physical science to be regarded as differences of quantity. 
Continuity, then, is more easily demonstrated from the physical 
than from the psychological point of view. The old maxim that 
nature does not move in bounds cannot be carried out in psychology 
as entirely as in physical science. 

From these circumstances some thinkers have concluded that a 
science treating of mental life is only possible, if for the relation 
between mental states we can substitute the relation between the 
corresponding states of the brain. In order to be a science, psycho¬ 
logy must be transformed into physiology. If not, it should, accord¬ 
ing to these philosophers, be impossible to approach the ideal of 
scientific understanding, i. e., the pointing-out of continuity and 
equivalence bet ween phenomena. But we always begin by discovering 
causal relations between qualitatively different phenomena, and not 
till later on can we take up the task of substituting for this element¬ 
ary causality a more perfect causal relation with continuity and 
equivalence bet ween the phenomena. Though in the domain of psych¬ 
ology we are scarcely able to go further than to the elementary 
causality, because we have no mental units and so no thorough 
quantitative methods, yet this fact does not exclude the right to 
admit a causal relation between mental states. And this is not only 
a right, but also a necessity. If there exists a causal relation between 
the correspondent processes of the brain, there must also be at least 
an indirect causal relation between the mental states. Moreover, 
we have only quite schematical constructions of the corresponding 
processes of the brain, constructions which are based on analogy 
with the directly observed and analyzed mental states. From these 
VT ates we draw our conclusions as to the corresponding processes of 
the brain. This conclusion cannot be true, if psychological observa- 
* i*»"* old analysis are not correct. The independence of psychology 
is I.* ore-supposed. 

chaps the simplicity and the qualitative character of the 
T *’ *ntal elements are to be regarded as the results of a hidden syn¬ 
thesis. so that if we could penetrate more deeply into the sphere of 
mental differentials, for instance, to differentials of the second or 
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the third order, the whole problem would stand in a clearer light to 
us. But we should always here meet at last the great problem of the 
relation of mind and matter. Here, also, the contrast between 
analysis and synthesis becomes important. The difference which 
can be established between mind and matter is due to analysis, to 
a distinction of elements, which in reality exist in connection with 
one another. We break the real totality, and afterwards we are 
astonished, because it is difficult to unite the parts into which we 
have divided it. This point has been very well cleared up by Wil¬ 
helm Wundt and Roberto Ardigo. The reality is always the great 
fundamental synthesis, within which we move with all our abstrac¬ 
tions and analyses. It is a full unbroken melody, compared with our 
laborious spelling. But there is no other way to knowledge than the 
one which begins with analyzing. Our attention proceeds from 
point to point, and only later on it tries to unite its single results. 
And as little as we ought to ascribe absolute validity to our distinc¬ 
tions, as little ought we to regard it as fortuitous that our seeking 
after knowledge necessitates just these special distinctions. It is one 
of the characteristics of reality that it can only be comprehended 
by careful analysis of its contents. 

I am not here going to discuss the hypotheses of the relation of 
mind and brain. I shall only say that as the physiology of the pro¬ 
cesses of the brain do not depend on other methods or points of view 
than those of physical science in general, the duty of proving is 
incumbent upon him who maintains an encroachment of the mind 
on the physiological processes. Such a supposition would do away 
with the independence of physiology. But there is no reason to 
deviate from the principle which physical science has followed for 
centuries, and to which all its triumphs are due, namely, that ma¬ 
terial phenomena are to be explained by material causes. Even 
to-day the dictum of Spinoza is valid: “When men say that this 
or that action of the body springs from the mind, they do not 
know what they say, and they do nothing but confess that they 
know nothing about the cause of the action.” The only working 
hypothesis which makes possible a cooperation between physiology 
and psychology without any encroachment from either side, regards 
the relation of mind and matter ns a functional relation, in the 
mathematical sense of the word, and tries to find as much con¬ 
tinuity within both series of phenomena as possible. A concluding 
metaphysical interpretation is still an open question, but psych¬ 
ology as such has nothing to do with it. The parallelism, or, as 
I prefer to call it, the hypothesis of identity, has mostly been assailed 
as a metaphysical hypothesis. But it is first of all a working hypo¬ 
thesis, and the only one which can be followed up in all its conse¬ 
quences in the present state of science. And as I have said of our 
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analyses and of our distinctions, so I now say of our working hypo¬ 
theses: we have no right to regard it as a mere accident that the 
world can only be exactly known if we apply just these working 
hypotheses. A system of metaphysics which would construct a view 
of the world without any regard to the working hypotheses which 
have been necessary, would be of no philosophical value. 

IV 

As psychology is synthetical as compared with physical science, 
so it is analytical as compared with historical and ethical science. 
Historical science treats on human works, ethical science on hu¬ 
man ideals, but psychology treats on the elements and on the gen¬ 
eral laws of mental life. The relation of psychology to historical 
and ethical science is dependent on the relation between elements 
and works and ideals, There are here three lines of thought which 
may develop side by side. They all draw from the same deep source: 
from the immediate and spontaneous mental life, the real and 
concrete life, which no analysis can exhaust, and which can never 
be expressed completely in any work or any ideal, as little as in 
any sum of elements. All research has here as its subject the in¬ 
finitely concrete totality and tries from different points to de¬ 
scribe its nature and to express its fullness in definite forms. But 
the tones of life are so manifold and lie so closely together, that 
no scientific notation can express them completely. This is as true 
with regard to historical and ethical science as with regard to 
mental science. But within this identical position there is an inter¬ 
action between mental, historical, and ethical science. If we want 
to find out the elements and laws of mental life it is not enough 
to study the single individual in its special states. A study is also 
required of human works and ideals, in which the nature of mental 
life is revealed throughout the ages. There exists no mental life 
in general. It appears in different forms at different times and 
places, and it strives to develop itself as fully as possible in every 
one of these forms, though the totality of its elements has a differ¬ 
ent timbre in every special case. Here psychology has a larger 
amount of material for its analysis. The sociological method in 
psychology works side bv side with the introspective, the experi- 
n)' , ”' , «l, and the physiological methods. Mental science has a more 
character than historical and ethical science, because 
c>-ents are more abstract than works and ideals. Psychology 
l.e ought to apply the inversely deductive method, as it was 
a'/eadv applied by Comte and described bj r Stuart Mill. 

The first step is to point out the process which has led to the 
ise of a work or of an ideal; the second is to deduce and explain 
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this process from general laws of the interaction of mental ele¬ 
ments. By pure deduction no results can here be arrived at. Re¬ 
duction, not deduction, is what we can use. This is not only the 
relation of psychology to the historical and ethical sciences, but 
also to art — to the art of education, to the fine arts, and to the 
great art of ethical life. We cannot deduce pedagogics, esthetics, 
and practical ethics from psychology. But we can observe the 
spontaneous development of the art of education, of esthetic pro¬ 
duction and of ethical life, and the ideals and points of view which 
are revealed in this development may be understood by the help 
of general psychological laws. And this is after all also the rela¬ 
tion of psychology to the theory of knowledge and to the philo¬ 
sophy of religion. It has to show the psychological possibility of 
the forms of thought which are presupposed in scientific know¬ 
ledge. And it has to analyze the mental experiences of religious 
life. As to this last point I have expressed myself in the following 
manner in my Philosophy of Religion: “In Religion men have 
made some of their deepest and most intensive mental experiences. 
If religion is genuine and original, all the elements of mental life 
are at work in it with an energy and interplay not to be found in 
any other domain. The study of religious life is therefore of great 
importance to general psychology.” Lastly, a reciprocal relation 
will more and more establish itself here, so that the understand¬ 
ing of mental elements and of the laws of their activity will be able 
to guide and clear up the work in the special domains. Indeed 
the history of these domains show that directly or indirectly such 
an influence has always manifested itself. If psychology is to have 
a future, this influence will be still more important than it has 
hitherto been. Psychology stands in a great debt to its neighbor¬ 
ing sciences, and to the different kinds of art. Let us hope that 
it may be able to pay a part of the debt, though this debt ought 
always to be contracted again, if psychology, as well as the other 
sciences, is to progress! 
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“The psychology of our day needs reforming from its very found¬ 
ations,” said Professor Lipps not very long ago; and, indeed, pro¬ 
posals for its radical reconstruction are being offered us on every 
side. Psychology must be thoroughly atomistic and structural, 
says one: it should be altogether functional, says another. For 
some it is the central philosophical discipline; for others it is but 
a department of biology. According to one view, it is merely a 
descriptive science; according to another, it is explanatory as 
well. Plainly, then, one of the present problems of psychology is 
the definition of psychology itself. Yet even this has been denied. 
“It is preposterous at present to define psychology,” says a recent 
critic of such an attempt on my part, “preposterous to define psych¬ 
ology, save as Bleck long ago defined philology: es ist uxts es 
wird. It is in a process of rapid development. It has so many lines 
and departments that if it could be correctly described to-day, all 
the definitions might be outgrown to-morrow.” There may be a 
grain of truth in this somewhat extravagant contention. Ehc cs 
einen guten Wein giebt, muss der Most sich erst toll gcb&rdcn, it has 
been said. But surely, if we could define what is common ground 
for us all to-day, we might leave to-morrow to take care of itself. 
This common ground we call “General Psychology,” and the as¬ 
sumption upon which, I take it, we are here proceeding is that the 
concepts of this general psychology arc presupposed in the many 
special departments which we speak of as experimental (or physi¬ 
ological), comparative, pathological, etc.; and further, that these 
concepts will be presupposed in whatever new developments of the 
science the future may have in store. 

To ascertain, describe, and analyze the invariable factors of 
psychical life, consciousness, or immediate experience is, — it will, 
I presume, be agreed, — the main concern of general psychology. 
“I find myself in a certain situation, which affects me pleasantly 
or painfully, so that in the one case I strive to prolong the situa¬ 
tion, and in the other to escape from it.” So in ordinary language 
we might any of us describe a moment of our own experience. 
How much of this is essential? If we are to leave any place for 
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genetic or comparative psychology, it is said, we must answer: 
What is found as distinct from the finding, in other words, a self 
or subject cognitively and conatively related to an objective situ¬ 
ation in which it is interested. Such subject, we should say, was 
conscious, but not self-conscious. In order to find myself feeling, 
in order to know that I feel, I must feel. But I may feel without 
knowing that I feel. In order to know that I am, I must be, but 
I may be without having any knowledge of that fact. In short, the 
advance to self-consciousness is said to presuppose mere conscious¬ 
ness. Here, then, the irreducible minimum is the functional 
relation of subject and object just mentioned, a duality in which 
the subject knows, feels, and acts, and the object is known and 
reacted to. But at this lower level of experience, at which the sub¬ 
ject’s functions are not immediately known, have we not a rela¬ 
tion with only one term? And that is surely a contradiction. At 
the higher level, where consciousness of self is present,—where, 
that is to say, the subject and its functions are known, — we have, 
indeed, two terms, but both are then objective, for self as known 
is certainly objective. We have two terms now, but so far the es¬ 
sential distinction of subject and object can no longer be maintained. 
So far as both terms are known or objective, the distinction lapses, 
it is allowed; but even in self-consciousness the “I knowing” — 
Kant’s pure Ego — is still distinct from “the Me known” — Kant’s 
empirical or phenomenal Ego. Very good, but then, in that case, 
it is rejoined, we are back at the original difficulty. You talk of 
this duality of experience, but it is still, it seems, at bottom a dual¬ 
ity with only one known term. At the best, your pure Ego or 
subject is a metaphysical notion of a soul, or something that lies 
hopelessly beyond any immediate verification. 

Now this disjunction, either in consciousness, i. e. t “content 
of consciousness,” and then objective, phenomenal, presentational, 
ultimately sensational; or out of consciousness, and then metem- 
pirical, hypothetical, and unverifiable, — this disjunction, I say, 
constitutes a difficult problem, which at the present time demands 
the most thoroughgoing discussion. But instead of thinking-out 
the problem, psychologists seem nowadays content for the most 
part to accept this disjunction. Some, whom we may call “ object¬ 
ive” psychologists, also known as “presentationists,” confining 
themselves, as they suppose, to what is empirically “given,” — to 
whom “given” and how received, they do not ask, — regard the 
fac's of experience as a sort of atomic aggregate completely dom¬ 
inated by certain quasi-mechanical laws. In conformity to these 
ws, — laws, that is, of fusion, complication, association, inhibi- 
.on, and the like, — the elements of the so-called “contents of 
consciousness” differentiate and organize themselves; and what 



PROBLEMS OF GENERAL PSYCHOLOGY 639 

we call the duality of subjective and objective factors is the result. 
The Herbartian psychology, if we leave its metaphysical assump¬ 
tions aside, as we well may, is still the classic example of this 
type. This is the psychology which most easily falls into line with 
physiology, and is apt in consequence to have a materialistic bias. 
Another school, which we may call “subjectivist,” or perhaps “ideal¬ 
ist,” recognizes indeed the necessity of a subject from the outset 
whenever we talk of experience, but recognizes it, not because the 
actual existence of this subject is part of the facts, but because 
psychical phenomena, it is said, are unthinkable without a sub¬ 
stratum to sustain their unity. This is the psychology that still — 
notwithstanding the brave words of Lange — cannot get on without 
a soul. I call it “ idealist,” because it tends to treat all the facts of 
immediate experience as subjective modifications, after the fashion 
of Descartes, Locke, and Berkeley. The hopeless impasse, into 
which the problem of external perception leads from this stand¬ 
point, is a sufficient condemnation of subjective idealism. Further, 
— and this I take to be the main lesson of Kant’s “Refutation of 
Idealism,” — such bare unity of the subject will not suffice to ex¬ 
plain the unity of experience. In a chaos of presentations, with¬ 
out orderly sequence or constancy, we might assume a substantial 
unity of subject; but it would be of little avail, as the facts of 
mental pathology amply show. Returning now to the present at ionist 
standpoint, — the one obvious objection to that is its incomplete¬ 
ness. As I have elsewhere said, 1 it may be adequate to nine tenths 
of the facts, or — better perhaps — to nine tenths of each fact, but. 
it cannot either effectively clear itself of, or satisfactorily explain, 
the remaining tenth. No one has yet succeeded in bringing all the 
facts of consciousness, as Professor James thinks we may, under 
the simple rubric: “Thought goes on.” Impersonal, unowned 
experience, a mere Cogitatur, is even more of a contradiction than 
the mere Cogito of Descartes. 

But of late there have been attempts to mediate between these 
antitheses, so that, to use Hegelian phraseology, their seeming 
contradiction may be aufgchobcn. Noteworthy among such at¬ 
tempts is the so-called “actuality theory ” of Wundt, already more 
or less foreshadowed by Lotze. There is, I fear, a certain vagueness 
in Wundt’s view, due perhaps to his general policy of non-committal; 
at any rate, I am not sure that I understand him. I prefer, therefore, 
to suggest what seems to me the true line of mediation in my own 
way. A relation in which only one term is known, it is said, is 
a contradiction. Yes, for knowledge it certainly is. But the objection 
only has force if we confound experience with knowledge, as the 
term “consciousness” makes us only too ready to do. If, however, 

« Modem Psychology. Mind, [N. S.J vol. n f P- 80. 
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experience be the wider term, then knowledge must fall within 
experience and experience extend beyond knowledge. Now we may 
perhaps venture, without fear of metaphysical cavil, to maintain 
that being is logically a more fundamental concept than knowing. 
Thus, I am not left merely to infer my own being from my knowing, 
in the fashion of Descartes’s “Cogito, ergo sum.” Nor would I even 
say that the being supposed to be known, the object is in fact only 
inferred, as Descartes was driven to suppose. Objective reality is 
immediately “given” or immediately there, not inferred. But now 
I am not going on to say that the subjective reality also is imme¬ 
diately given, is immediately there, as Hamilton and others have 
done. There is no such parallelism between the two: that would 
not end our quest, but only throw us back. Es giebt, you say: yes, 
but to whom given: cut bono t The dative relation is not a corn- 
mutable one. The subjective factor in experience, then, is not datum , 
but recipiens: it is not “there,” but “here,” whereto “there” is 
relative. 

And now this receptivity is no mere passivity. It is time to dis¬ 
card the ancient but inappropriate metaphor of the stylus and tabula 
rasa. The concept of pure passivity or inertia is a convenient ana¬ 
lytical fiction in physics, but we find no such reality in concrete ex¬ 
perience. Even receptivity is activity, and though it is often non¬ 
voluntary, it is never indifferent. In other words, not mere recep¬ 
tivity, but conative or selective activity, is the essence of subjective 
reality; and to this, known or objective reality is the essential 
counterpart. Experience is just the interaction of these two factors, 
and this duality is a real relation, antecedent to, but never com¬ 
pletely covered by, the reflective knowledge we come to attain 
concerning it. It cannot be resolved either into mere subjective 
immanence, nor into mere objective position. The identification of 
its two terms equally with their separation altogether transcends 
experience; their identification is sometimes said to lead to the 
Absolute, and their separation, we may safely say, leads to the 
absurd. A subject per sc and an object per se are alike not so much 
unknowable as actually unreal. A psychical substance, to which 
experience is only incidental, is an abstract possibility of which 
psychology can make no use; but for every experience an actual 
subject to which it pertains is essential, so surely as experience 
connotes presentation and feeling and impulse. If we are to be in 
downright earnest with the notion of substance, we shall probably 
find that Spinoza was right, and there is only one. But though 
we stop short of regarding the subject of experience as a substance, 
it is, I think, a mistake to speak of it as a phenomenon. If the 
actual subject of experience is to be a phenomenon, it must be such 
for some other experience; and one experience may, of course, 
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have phenomenal relations to another. But as I cannot be my own 
shadow, so there is a like inconvenience — as Kant humorously 
put it — in my being wholly the subject and yet solely the object 
in my own experience. Just as little as we can identify centre and 
circumference, organism and environment, because the one implies 
the other; just so little can subject and object be identified, because 
the one implies the other. The real contradiction, then, lies not in 
accepting, but in denying, this dual relation, one term of which is 
being subject, and the other a certain continuity of known object. 
For psychology the being of this subject means simply its actual 
knowing, feeling, and striving as an Ego or Self confronted by a 
counterpart non-Ego or not-self: the two constituting a universe 
of experience, in which, as Leibnitz held, activity is the fundamental 
fact, —am Anfang war die That. 

But this subjective activity itself furnishes us with another 
problem, and one of the acutest at the present time. Bradley some 
years ago went so far as to call the existing confusion concerning 
this topic the scandal of psychology. Quite recently, however, views 
have been propounded that make the old confusion worse con¬ 
founded. One distinguished psychologist.* whilst seemingly accept¬ 
ing entirely an analysis of experience such as I have just endeavored 
to sketch and admitting its validity within the moral sciences, or 
Geisteswissenschajten, as he terms them, nevertheless regards sub¬ 
jective activity as lying altogether beyond the purview of psycho¬ 
logy, because it can neither be described nor explained. Another, 2 
starting from a diametrically opposite standpoint, finds subjective 
activity, or psychical energy, essential to the explanation of any 
and every experience, but finds it actually experienced in none. 
According to his view, it belongs entirely to the unconscious pro¬ 
cesses underlying the contents of consciousness or experience: in 
these contents as such there is no working factor, but only the symp¬ 
toms or phenomenal accompaniments of one. A “ feeling of act ivity. 
he allows, has place within those contents; but it is only a feeling, 
it is not activity. A necessity of thought, he holds, constrains us to 
affirm the existence of real psychical activity, power, or energy; 
though we never actually experience it, because it resides ultimately 
in the “ world-ground." and how experience proceeds from this is 
ineffable ( unsaybar). Yet a third psychologist thinks that he has 
disposed of subjective activity by maintaining that introspection 
discovers no causal laws. In agreement with the first author men¬ 
tioned, and in opposition to the second, he regards all psychological 
connections as really psycho-physical. Efficaciousness, as he calls it. 


1 MOnstorberg, in his Grundzugr cPr P.o/chologie PP 'J T- . , „ _ ^ 

* G. T. Lipps, Lcitfader drr Psychologic. pp. 51 «- 1*»; P'ychischeVorgfingc 
und ptychUcte Causa lifdl, Zeitsehrift /. Psychology, xxv. pp. 15 ff. 1901. Lipps 
distinguishes between Kraft and Energy. 
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he derides as a “mere bauble.’’ The vitally important thing in 
experience is a certain teleological quality or significance which the 
talk about “capacity to accomplish the causal production of deeds” 
does but obscure. Self-activity he proposes to regard “from the 
purely psychological point of view,” as the conscious aspect or 
accompaniment of a collection of tendencies of the type which Loeb 
has called “tropisms,” or movements “ determined by the nature of 
the stimulus and of the organism.” 1 In brief, we have in three 
recent writers of mark three conflicting positions: (1) Subject 
activity is a fact of experience, but psychology cannot deal with it, 
because it is neither describable nor explicable. (2) Subject activity 
is not a fact of experience, but it is a transcendent reality without 
which psychology would be impossible. (3) Subject activity is 
neither phenomenal nor real: the apparent “originality” or “spon¬ 
taneity” of the individual mind is, for psychology at any rate, but 
the biologist’s “tropisms.” 

I cannot attempt fully to discuss these views here, but I trust 
I have described them sufficiently to show that the scandal of which 
Bradley complained is still a stumbling-block in the way of psycho¬ 
logical advance. On one or two remarks I will, however, venture. 
In the first place, these authors seem entirely to ignore the distinc¬ 
tion between immanent action, or doing, and transcendent action, 
or effectuating: the former directly implies an agent only, the latter 
a patient also. Nor do these authors appear to distinguish between 
the so-called logical principle of causation, or natural uniformity, 
and the bare notion of cause, Ursachc, as active. They must of course 
be well aware that these distinctions exist; and we are therefore 
left to conclude that they regard them as invalid; for otherwise 
these distinctions have surely an important bearing on the problem 
before us. The so-called logical — I should prefer to say epistemo¬ 
logical — principle of causal connection has two forms: (1) Given 
a certain complex of conditions A, then a certain event B must 
follow, as we say in the more empirical sciences; and (2) the cause 
is quantitatively equivalent to the effect, as we say in dynamics. 
Into neither of these does the notion of activity enter at all: the 
inductive sciences find no place for it and the exact sciences have 
no need of it. “Causation,” as one of these writers says, “‘marries 
only universals’ . . . and universal conceived as the common 
objects of the experience of many.” 2 On this point they seem to 
lx* all agreed, and we also shall probably assent. Very good: but if 
so. they argue, must you not admit that this causation has no place 
in individual experience? Granted, but then comes the question: 

' J. Rovco. Outlines of Psychology, pp. x, ff.; Review of Stout's Analytic 
Psychology, Mind, [N. S.J vi, pp. 379 ff. 

? Royce, Mind, l. c. p. 383. 
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Does the fact that I find no laws within my individual experience, 
but only a succession of unique events, eo ipso preclude me from 
experiencing immanent activity, and convict me of contradiction 
when I talk of myself as a real agent, or Ursache f Quite the con¬ 
trary, as it seems to me: precisely because I am an individual agent, 
or Ego, with an equally individual counterpart, Non-Ego, is my 
experience unique: were it, in fact, from end to end but the out¬ 
come of universal laws or deducible from such, as the psycho¬ 
physical theory implies, then certainly all efficient activity would 
be as absent from it as from other mere mechanisms. It is just this 
uniqueness and seeming contingency which defy mechanical ex¬ 
planations that conative activity explains. True, this activity is 
itself indescribable and inexplicable in other terms. But to say this 
is only to say that it is our immediate actual being, that we cannot 
get behind or beyond it, cannot set it away from us or project it. 

To admit this eiyenc Aklivitdt as das wirklich Wirksome, die zen- 
trale Innerliclikeit that for immediate experience leaves kein uner- 
kldrter Rest, 1 as the first of these writers does, and yet to eliminate 
it from psychology in order with the help of psycho-physics to 
convert psychology into a natural science, is surely a desperate 
procedure, the motives for which it is hard to conjecture. To turn 
geistige Aklivitdt out of the science, in order to separate it from 
the Geistesivissenschaften, is like giving a dog a bad name, taking 
away his character, in order to hang him. 

With the views of the second writer I have personally much 
more sympathy. There is here no heroic inconsequence to bring 
psychology into line with mechanism at any cost; but a serious 
metaphysical problem, perhaps the most fundamental of all pro¬ 
blems, that, namely, of the Absolute One and the Finite Many, 
seems to have biased him in the treatment of the problem before 
us. For the Finite Many he conceives that we are necessitated to 
postulate a transcendent “ real ” as substratum, and so they figure 
as phenomena, dominated and determined by the law of causality 
and this in precisely the same sense, whether they are psychical 
or physical. For the Absolute One, the World-ground, however, 
there is no transcendent, no substratum; here the causal becomes 
the teleological, and we have pure actuality. The Absolute, in 
short, is a World-consciousness. But, if so, we naturally ask at 
once, must there not be a correspondence between this absolute 
consciousness and phenomenal consciousness which does not exist 
between it and the physical phenomena, over which the law of 
causality is supreme? Or. if there is no such correspondence, if 
what the author calls the loluntarisch-teUologischer Standpunkt 
has no place in finite experience, whence do we derive this concept 

• MOnsterb- rg, op. tit. p. 578. 
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of actuality, which in absolute purity is predicated of the One? I 
admit the utter disparity between the finite and the Infinite, but 
may there not be degrees of reality, and may not the continuity 
of these be infinite? Such degrees of reality our author recognizes. 
He says: “Je mehr Realitat, d. h. je mehr Kraft, Reichthum und 
innere Einstimmigkeit das einzelne Individuum hat . . . desto 
mehr wird [es] von seiner Vereinzelung befreit. Es wird zu jenem 
‘iiberempirischen und uberindividuellen. 1 Dies ist nicht ein 'Sich- 
verlieren' derselben in Welt-ich, sondem ein Finden des wahren 
oder postiven Ich in ihm.”‘ If this progressive development is to 
mean anything, it surely must imply an experienced efficiency, and 
not merely a higher reality, of which there is no immediate ex¬ 
perience,— which, in truth, is never “found.” How there can be 
a finite actuality, which is yet not pure actuality; in other words, 
how I can be for myself more than phenomenon and yet not abso¬ 
lute reality, we cannot say. But our author, as I have already 
observed, acknowledges that even the procession of phenomena 
from the Absolute is unsagbar. But surely, if either way the pro¬ 
blem of the One and the Many is insoluble, it is better to accept 
that alternative which does not seem in direct conflict with our 
actual experience. 

The third writer, too, finds a justification for his position in 
philosophical views to which he refers as “elsewhere in part al¬ 
ready set forth.” I do not propose to follow him in search of these, 
but only to question the possibility of explaining the initiation 
of new forms of behavior by means of the biological doctrine of 
tropisms. This question leads us to a new problem. The idea of 
tropism is due, I believe, to the botanists. Certain plants flourish 
only in the full sunshine, others only in the deepest shade: the 
first the botanist would call positively, the second negatively, 
heliotropic. In like manner certain animals seek the light, while 
others shun it; and their behavior Loeb would describe in the 
same fashion, — that is to say, ns due respectively to positive and 
negative heliotropisms: and, like some botanists, he looks solely 
to the physical and chemical properties of the several proto¬ 
plasms concerned to explain this difference. Instincts, again, are 
for him but complexes of tropisms; and so throughout. The strik¬ 
ing diversities in the habitats and behavior of animals, equally 
with the like diversities among plants, he regards as resting at 
bottom on the physics of colloidal substances. A satisfactory de- 
' '•* moot of this branch of physics Professor Loeb is expecting 

the near future.” I very much doubt if there is a single phys¬ 
icist who shares his confidence, and shall be surprised if this phys¬ 
ics of the near future does not prove to be that sort of hvlozoism 

1 Lipps, op. cit. p. 343. 
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which Zollner and Haeckel have championed, and which Kant long 
ago declared would be the death of natural philosophy, or physics 
proper. For hylozoism in so many words attributes to matter 
a certain sensibility incompatible with the absolute inertia essen¬ 
tial to matter in the proper sense of the word. Such sensibility 
implies a psychical factor operative throughout organic life; whereas, 
if biology is to be reduced to physics in the strict sense, such a 
factor is then and there altogether excluded. Philanthropy and 
misanthropy, likes and dislikes of all sorts, everything we call 
conative, in short, will fall into line with other physical 11 polarities," 
or tropisms, and psychology and biology — so far from working 
together — must each give the other the lie. Either way, then, it 
is important to consider how far psychology can explain the be¬ 
wildering variety of forms under which life now appears. Struc¬ 
ture and function are undoubtedly correlative, but which is the 
determining factor? At one extreme we have the answer suggested 
by the conception of <Vr<A«x«ia, or formative principle, which we 
find in Aristotle, Leibnitz, Lamarck, and other vitalists; at the 
other we have the answer of Lucretius, Loeb, and the neo-Dar¬ 
winians. According to the one, function is primary and determines 
structure; according to the other, structure is primary and de¬ 
termines function. In the first what I have called subjective selec¬ 
tion, the selection of environment by the individual, would be 
important; in the other, natural selection and “ the physics of 
colloidal substances” would be everything. For the one, subject¬ 
ive initiative will be real and effective; for the other, it will 
be illusory and impotent. Among ourselves subjective selection 
shows itself in the choice of a career, and in the acquisition of the 
special knowledge and skill which entitle n man to be called an 
expert, or a connoisseur. It would surely be regarded as extrava¬ 
gant to maintain that human proficiencies in all their manifold 
variety were the outcome solely of physical conditions and natural 
selection, and that they were altogether independent of subject¬ 
ive initiative and perseverance. The spur of competition may 
be necessary to urge a man to seek new openings and to try new 
methods, but the enterprise and the inventiveness are due, none 
the less, to his spontaneity and originality. Now it seems to me 
reasonable to assume that (he like holds in varying degree among 
lower forms of life, that here, too, it is through subjective selection 
that the poet's words are fulfilled: 

*• All nature*8 difference keeps all nature’s peace." 

So, and not by calling the one negatively, the other positively 
heliotropic, I would explain the fact that the owls and the moths, 
for example, are active by night, while the hawks and the butter- 
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flies are active by day. And similarly in innumerable other cases. 
No doubt plant life raises a difficulty. Here there is a diversity 
at least as great as that which we find in the animal world, and 
here again there is as striking a differentiation of special environ¬ 
ment. Can we refer this to anything psychical or subjective, or 
must we here at last fall back solely on “fortuitous” variation of 
structure and natural selection? This is a perplexing and in some 
ways a crucial question. On the whole, it seems safest.to assume 
with Aristotle a certain continuity between life and mind, the psych¬ 
ical and the organic. Anyhow, the higher we ascend the scale of 
life, the more the concept of subjective initiative and adaptation 
forces itself upon us; and, till the chemical theory of life which 
Professor Loeb awaits is forthcoming, the principle of continuity 
forbids us to dogmatize as to the limits within which subjective 
selection is confined and beyond which tropisms take the place of 
conations. 

Passing now from the subjective factor in experience to the ob¬ 
jective factor, we are confronted by a new problem in the recru¬ 
descence of atomistic or sensationalist psychology that we find 
amongst us to-day. “Atomism in psychology must go wholly,’’ 
it was said some twenty years ago by a writer much given to dicta. 
But atomism has not gone; on the contrary, in certain quarters 
it is advocated more strenuously than ever. It is easy to see the 
causes for this, but hard to justify it. These causes lie partly in 
the influence of analogy, partly in a natural tendency to imitate. 
The order of knowledge, it is said, is from exteriora to interiora, 
and accordingly the whole history of psychology and its entire 
terminology is full of analogies taken from the facts of the so-called 
external world. The ancient species sensibiles, the impressions of 
Locke and Hume, the adhesions, attractions, and affinities, in a 
word, the mental chemistry of Brown and Mill, are instances of 
this. Again, the tendency of the moral sciences to imitate the 
methods of the more advanced physical sciences is shown in the 
dominance of mathematical ideals from Descartes up to Kant, 
as in the Ethics of Spinoza, the theological demonstrations of Clarke, 
ami the formalism of the Leibnitz-Wolffians. When a gifted mathe¬ 
matician and physicist in our own day, W. K. Clifford, turned 
his attention to the facts of mind, he* at once broached a psycho¬ 
logical atomism of the extremist type. It is, indeed, only natural 
that the wonderful grasp which the atomic theory has given of 
the physical world should have provoked anew the emulation of 
psychologists to proceed on similar lines. Moreover the structure 
of the brain — when superficially regarded as a congeries of iso¬ 
lated neurones — encourages a like attempt. And yet the mo¬ 
ment we regard the brain functionally, — and not the brain merely, 
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but the whole organism, — the atomistic analogy fails us at once. 
Functionally regarded, the organism is from first to last a con¬ 
tinuous whole; phylogenetically and ontogenetically it is gradually 
differentiated from a single cell, not compounded by the juxtaposi¬ 
tion of several originally distinct cells. There is in this respect the 
closest correspondence between life and mind; one of the best 
things Herbert Spencer did was to trace this correspondence in 
detail. If a chemical theory of life is for the present improbable, 
a quasi-chemical theory of mind is more improbable still. The 
individual subject we must regard — so it seems to me — as cn rap¬ 
port with a certain objective continuum characterized by indefinite 
plasticity, or possibility of differentiation, retentiveness, and assim¬ 
ilation. The progress of experience, alike in the individual life and 
in the evolution of mind as a whole, may then be described as one 
of continuous differentiation or specialization; diffused and simple 
changes of situation giving place to restricted und complex ones, 
vague presentations to definite ones. But under all, the objective 
unity and continuity persists, and we never reach a mere aggre¬ 
gate or manifold of chaotic particulars, such as Kant assumed to 
start with. 

Yes, but to describe experience as progressive differentiation 
and organization on more or less biological lines is mere natural 
history, the psychological atomist objects: it is only description, 
not explanation. But then psychology, or more exactly its sul>- 
ject-matter, individual experience, is historical; that is to say, 
though psychology is not biography but science, does not nar¬ 
rate but generalizes, yet its generalizations all relate to individ¬ 
ual experience as such; and here what we may call the historical 
or biological categories — teleological categories, in other words 

— are surely supreme. It is remarkable how long the physical or 
atomistic bias has prevailed in human thought, but happily at 
length modern ideas of evolution have secured a just or recogni¬ 
tion of the claims of the historical: I may refer in passing to the 
admirable philosophical expositions of these claims which we owe 
to Professors Windclband and Hickert. And surely it may be con¬ 
tended that an orderly and coherent account of the development 
of individual experience — one exhibiting its rationale, so to speak 

— is better entitled to be called explanatory than any theory can 
be that sets aside the essential features of experience as life in 
order to make room for the categories of mechanism and chem- 
ism, which are inadequate and inappropriate to the living world. 
As I have just said, such attempts are natural enough, but they 
are also naive, and their inapt ness becomes increasingly manifest as 
reflection and criticism deepen. At the outset men talk of thoughts 
as if they were isolated and independent existences, just as they 
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talk of things; nay, ideas are then but offprints or copies of things. 
Locke’s “simple ideas,” for example, are pretty much of this sort: 
as simple and single they come, and as such they are retained, save 
as they may be afterwards variously compounded and related. 
True, for Locke such compounding and relating was “the work 
of the mind,” the result, that is to say, of subjective interest and 
initiative. But soon the inevitable further step was taken: the 
“compounding and relating” of these isolated and independent 
elements was transferred by Hume to certain “natural” processes, 
and then connected by Hartley with brain vibratiunclcs ; and thus 
the supremacy of psychological atomism was assured for a cen¬ 
tury or more. But it is the first step that costs, as the French say, 
and that is what we have to challenge. The disorderly, unrelated 
aggregate of simple sensations is a pure chimera, an Unding. If 
genetic and comparative psychology prove anything, they prove 
this. The earliest phases of experience are as little chaotic and 
fragmentary as are the earliest forms of life. In the so-called “con¬ 
tents of consciousness” at any moment, the psychologist may dis¬ 
tinguish between field and focus, what is perceived and what is 
nppercoived. and may allow that, as we descend in the scale of 
life, this distinction is less pronounced or even disappears alto¬ 
gether; but discontinuity he never reaches, cither in the objective 
or in the subjective factor of experience. And when similar situ¬ 
ations recur, the new is not ranged beside the old like beads on a 
thread, but the one is assimilated and the other further differen¬ 
tiated; and so there results a growing familiarity and facility, as 
long as such situations awaken interest at all. Presentations, in 
short, have none of the essential characteristics of atoms, they 
may come to signify things, but never to be them, — and the grow¬ 
ing complexity of psychical life is only parodied by treating it as 
mental chemistry. 

IIow. then, it may reasonably be asked, do I propose to account 
for the long predominance of associationism and for the recent 
revival of psychological atomism in a modified form? For instance, 
it has been said that the so-called “laws” of association are for psy- 
ehologv what the law of gravitation is for physics; surely they must 
be of substantial importance to make so extravagant a claim even 
possible? Yes; as I have allowed, they deal with nine tenths of the 
facts. A man at forty is a bundle of habits, we say; and a bee seems 
to be such a bundle from the first. Again, the poet exhorts us to 
ri«e on stepping-stones of our dead selves to higher things. Now it 
is solely in the wide region of already fixed, already organized ex¬ 
perience that associationism finds its province. It can deal with so 
much of experience as is already grown, formed, and so far, in a 
sense, dead; with what has become reflex, “secondarily automatic,” 
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to use Hartley's phrase, i. e., more or less mechanical. But here as 
little as elsewhere can the mechanical account for itself; these 
psychical “quasi-mechanisms" have to be made, and the process of 
making them is the essential part of psychical life. Presentations 
do not associate themselves in virtue of some inherent adhesiveness 
or attraction: it is not enough that they “occur together," as Bain 
and the rest of his school imply. They must be attended to together: 
it is only what subjective interest has integrated that is afterwards 
automatically redintegrated. Were association a purely passive 
process so far as the experient is concerned, it would be difficult to 
account for the diversities which exist in the organized experiences 
of creatures with the same general environment; but subjective 
selection explains this at once. 

But the plasticity of the objective continuum, upon which this 
process of organizing experience depends, opens up a whole group 
of problems, which I may perhaps be permitted briefly to mention, 
though they may seem to belong to psycho-physics rather than to 
general psychology. How are we to conceive this plasticity? J. C. 
Scaliger is reported to have said that two things especially excited 
his curiosity, the cause of gravity and the cause of memory, meaning 
thereby, I take it, pretty much what we are here calling plasticity. 
Had Scaliger known what we now know about heredity, his curios¬ 
ity would have been still more keenly excited. The facts of heredity 
have led biologists again and again to more or less hazy — but 
withal interesting — speculations concerning “organic memory,” as 
Hering has called it; “organic memoranda" would perhaps be a bet¬ 
ter name. Memoranda, however, imply both the past and the future 
presence of mind, of experiencing subject, though they may exist as 
materialized records independently of past writer or future reader. 
Heredity treated on these lines commits us to a more or loss poetical 
personification of nature; it is nature, the biologist supposes, which 
makes, and equally it is nature, he supposes, which uses these 
organic memoranda. The contiiniity of life — as t he biologist is wont 
to regard it — renders such a view possible. Omnc nvum c vtvo is 
the formula of this continuity. But of any corresponding psychical 
continuity we not only know nothing, but what else we do know 
leads us to regard it as inconceivable. We have, then, continuity 
of life between parental and filial organisms, and yet complete dis¬ 
continuity between parental and filial experiences. But is there 
after all complete discontinuity even between the two experiences? 
Yes, we incline to answer, the more we consider feeling, attention, 
initiative, the individualizing aspect of experience, or the higher 
and later phases of it in which these are most pronounced. No, wo 
are tempted to answer, the more we consider the instinctive and 
inherited aptitudes which constitute most of what is objective in 
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the lowest forms of life, and the beginning of what is objective in 
all forms. May it not be said that we here come upon the problem 
of the One and the Many in a very concrete form, and that it is as 
intractable for psychology as is the more abstract, perhaps more 
legitimate form, in which it presents itself to metaphysics? 

Simpler and less intractable is the somewhat cognate problem of 
subconsciousness. We hear of subconscious sensations as well as 
of subconscious memories or ideas: here I refer only to the latter. 
They are sometimes spoken of as traces or residua; sometimes as 
“dispositions,” psychical or neural or both; the one term implying 
their actual persistence from the past, the other their potentiality 
as regards the future. The nature of this potentiality is what chiefly 
concerns us. Even here there must be something actual if we are to 
escape the absurdity of puissances ou /aculUs nues, with which in 
this very connection Leibnitz twitted Locke. Disposition is a some¬ 
what ambiguous term. It means primarily an arrangement or collec¬ 
tion, as when we talk of the disposition of stones in a mosaic or of 
troops in a battle. But it usually carries a second meaning, which, 
however, presupposes, and is consequential on, the first. Every 
actual combination entails a definite potentiality of some sort, and 
usually several, one or other of which will on a certain condition 
become actual. Sometimes this condition is something to be added, 
sometimes it is something to be taken away. A locomotive with 
the fire out has no tendency to move, but with “steam up " it is only 
hindered from moving by the closure of the throttle-valve or the 
grip of the brake. Now presentational dispositions may be assumed 
to be of this latter sort, to be, that is to say, processes or functions 
more or less “inhibited," the inhibition being determined by their 
relation to other presentational processes or functions. This, of 
course, is the Herbartian view. On this view the use of the term 
“subconscious" is justifiable, as long as the latency is relative and 
not absolute. But if we regard the so-called disposita merely struc¬ 
turally, if such an expression may be allowed, if, in other words, we 
suppose all functioning to be absent, then there seems no warrant 
for the term “subconscious," nor yet for such a phrase as “physio¬ 
logical disposition." meaning tendency, and still less for that of 
“ psychical disposition" or tendency. But on the physiological side, 
at any rate, it seems reasonable to assume the persistence of a cer¬ 
tain neural “tone"oractivity: what is known as “skeletal tone "or 
muscular tonicity is indeed evidence of such persistence. Yet from 
the psychological side there comes the supposed fatal objection: 
it is surely incredible that all the incidents of a long life, and all the 
items of knowledge of a well-stored mind, that may possibly recur, 
are continuously presented in the form and order in which they were 
originally experienced or acquired. But no advocate of subcon- 
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sciousness has ever maintained anything so extravagant. Sub- 
consciousness implies what Leibnitz called involution, or the exist¬ 
ence of what, taking a hint from Herbart, I have ventured to call 
the ideational tissue, or continuum. Though the explicit revival of 
what is retained is successional, recurs, so to say, in single file, yet 
a whole scheme, in which a thousand ideas are involved, may rise 
towards the threshold together; and, conversely, in the ease, say, 
of a play which we have followed throughout, there is a like involu¬ 
tion when at the end we express our opinion of it. It is a mistake, 
then, to suppose that all the impressions that have successively 
occupied our attention persist item for item in that multum in parvo 
apparatus which —with due reserve—we may call our ideational 
mechanism. But of their subconscious persistence as thus assimi¬ 
lated and elaborated there is, I think, abundant evidence. If such 
subconscious continuity be denied, we can accord to voluntary 
attention no more initiative in the revival and grouping of ideas 
than belonged to non-voluntary attention in the reception of the 
original impressions: the immediate determinants of both alike 
would be physical stimuli. And apparently — to judge by their 
terminology — some psychologists believe this to be the case. 

This whole topic of the growth and development of reminiscence 
and ideation has been too much neglected, largely in consequence 
of the spurious simplicity of the atomistic psychology; particularly 
its crude doctrine that ideas are mere copies or traces of impressions, 
its adoption of a physiological hypothesis, now seriously discredited, 
viz., that the scat of ideas is the same as the seat of sensations, and 
its failure adequately to distinguish between assimilation and asso¬ 
ciation, or to recognize the wide difference that exists between the 
processes which it describes as association through contiguity and 
association through similarity. We owe much. I think, in the treat¬ 
ment of this topic to Professor IlbfTding's article. Viler Umler- 
kennen, Association und psi/chisrhc Akticitdt, especially to his dis¬ 
tinction of “ tied ” and “ free” ideas, a distinction, however, which I 
find Drobisch had previously drawn. I regret that there is no time 
left for further remarks on this problem. 

Among other problems particularly deserving of consideration, 
I should like at least to mention the genesis of spatial and temporal 
perception; the whole psychology of language, analytic and genetic; 
psvcliical analysis, objects of a higher order, the so-called Gestalt- 
qualituten, — in a word, the psychology of intellect mu generally. All of 
these, including the topic of ideation previously mentioned, lead up 
to what might be termed epistemological psychology, the psycho- 
logy, that is, of universal experience on its individualistic side. 
Perhaps other members of this Congress may see fit to broach one 
or other of these problems. But I confess that those on which I have 
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enlarged somewhat, the definition of psychology, the nature of sub¬ 
ject activity, and the criticism of the atomistic theory, seem to me 
now fundamentally the most important. I wish I had been able to 
deal with them in a way less unworthy of my audience. 
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In this paper it is my privilege to present briefly those aspects 
of the science which it seems important to keep in mind in char¬ 
acterising the place and function of experimental psychology. I 
shall first point out the considerations which influenced me in i ie 
choice of that particular class of relations which has been wlcrtcd 
for comment. A series of distinctions will next Ik* made defining 
the relation of psychology to philosophy, of expenmcntnl to the- 
oretieal psychology, an.l of physiological psychology to physio¬ 
logy. Thereafter will be taken up i" succession the bearing of ex¬ 
perimental psychology upon the normative and h.stoncal scu-nces, 
and the paper will close with a short consideration.of Ms eonti.bu- 
tion to utilitarian science and the arts of pradn a life. 

Classification of the sciences proceed* by a logical 
their functions in relation to certain general concepts^ The form 
of the resulting arrangement depends upon the nature of the funda¬ 
mental principle assumed; and as this de.ernamng point of view » 
a reflection of the thinker's purpose, which is not necessit y fixed 
bv anv set of objective conditions, .be srheme winch results must 
be called subjective. All classification, however, is in this sense 
subjective. Some regulative principle must be assumed, and the 
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question is really one as to the basis of selection among the vari¬ 
ous governing concepts which may be adopted. Such sources of 
preference of course exist. Not all logical schemes for the subdi¬ 
vision of a given set of phenomena are equally valuable; and the 
classifications which as a matter of fact we make are those which 
serve our practical or scientific purposes, not those whose appeal 
rests solely upon logical simplicity or completeness. The purely 
logical analysis of any subject-matter declines in importance as 
the range of phenomena with which it deals is amplified; and in 
every general classification of the sciences it will be found that 
while within certain of its component groups the arrangement 
appeals to the observer by the practical fitness of its affiliations, 
in regard to other parts of the field the correlation of elements 
seems to have been made with a view to logical completeness 
only, instead of reflecting those associations which are most inter¬ 
esting or most important for the scientist. 

The reason for this inadequacy does not lie in any failure to 
carry out the divisions involved in the logical principle assumed, 
nor, indeed, in any lack of value in the governing concept itself. 
On the contrary, it arises from a deficiency which reappears as per¬ 
sistently in the relations in which we view the objects of our scien¬ 
tific activity as in those of our practical life. It is not our habit 
— except, indeed, when the problem of classification itself is in 
question — to carry a single logical principle continuously through 
the whole series of related activities in which our thought is ex¬ 
pressed. Within a narrowly limited field a given principle may 
be of such dominating importance that the single system which 
results from its application is of both logical and practical value. 
But with every fresh extension a point is more nearly approached 
where it will be displaced in significance by some other concept; 
in which case the usefulness of the logical classification will be 
reduced in proportion as the set of relations prescribed by this 
lresh point of view acquires greater importance in the mind of the 
thinker. 

This dualism must always be faced by the systematizer if his 
interest in the subject-matter be other than formal, and whose 
is not? All logic worth the name is instrumental, not final. The 
mental attitude which erects consistency into a principle of abso¬ 
lute value is branded as scholastic pedantry; for all rational in¬ 
terest in the logical relation of concepts roots somewhere in the 
desire to understand the historical connections of things. Classi¬ 
fication is good only in so far as it helps us to group things accord¬ 
ing to their most important aspects. When it ceases to have this 
value, we turn to some other principle which in its turn has gained 
the ascendency. 
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The logical systematization of any order of phenomena is thus 
supplemented and controlled by a consideration of the various 
classes of associated phenomena upon which in our thought we 
find ourselves most frequently and seriously depending. If the 
physiologist constantly refers to the work of the chemist, and finds 
the theorems of that science indispensable to the successful prosecu¬ 
tion of his own investigations, the methods and subject-matter 
of the two disciplines must have common elements in theory as 
well as practice, and their relations cannot be overlooked in any 
scheme of classification which includes both sciences. For those, 
therefore, who have more than a formal interest in the matter 
there must always be profit in a study of the various special sci¬ 
ences with which in the actual progress of knowledge any given 
type of investigation is most frequently brought into contact. I 
shall therefore put aside as far as possible questions of purely 
logical import, and confine my attention to associations of the 
latter type. 

Two orders of relationship are here presented. The first of these 
is the question of historical origin, the second that of functional 
interaction. The consideration of the series of historical develop¬ 
ments out of which a given science has arisen, however, leads one 
to an importantly different set of associates from those with which 
its activities at the time being are most frequently and significantly 
allied. Psychology did not arise either by division or exclusion 
from physiology, yet the methods and results of that science arc 
more frequently discussed and made use of by the psychologist 
than those of philosophy, from which his science has had its his¬ 
torical origin. 

It is to relations of the second type, it may be assumed, that 
expectation chiefly turns in discussions concerning the place ot 
any given science. These fall into two general classes according 
as they express relations of dej>cndence or support. By their side 
both matters of logical classification and questions of origin arc 
of secondary importance. One wishes to know of a science, as of 
a man, what it is doing in the world rather than its descent and 
family connections. A knowledge of the sciences to which it is 
indebted, — for points of view or for results, — and of those to 
which in its turn it contributes, will go farther toward affording 
an understanding of its place in the general system of knowledge 
than any amount of formal and antiquarian information regard¬ 
ing it. 

Before taking up the discussion of these positive relations, how¬ 
ever, it may be advisable to discriminate psychology from two 
adjacent branches of study with which its function has not infre¬ 
quently been confounded. On the one hand, psychology has been 
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regarded as a form of philosophy, depending for its completeness 
upon metaphysical assumptions and not presenting the results 
of experimentally determined knowledge. On the other it has 
been charged that what we term psychology, though admittedly 
a science, is not a science of mind, but merely a branch of physi¬ 
ology. Like a person pulled in opposite directions by two com¬ 
panions, if we wrench ourselves free from the grasp of metaphysics 
on the right, the tug of physiology is in danger of drawing us 
bodily over to the left. 

Every science in its progress has to face the awkward problem 
of its own descent. Its ancestors are on its hands. It has arisen 
from that which in many cases is not merely unlike, but essen¬ 
tially repugnant to its own true aims. Its methods have been de¬ 
based by charlatanry, its imperfect rationalization of phenomena 
has been eked out by speculations subsequently discredited as 
absurd, and its aims have been distorted by an admixture of metfc- 
physical concepts which hamper its progress and cast doubt upon 
its credentials as a science. Through these stages our knowledge 
of the configuration and motions of the earth, of the forms and 
adaptations of life, of the functions of man’s will and the relation 
of human destiny to the processes of the suns has passed. Above 
all has psychology felt this hereditary incubus in the establish¬ 
ment of its methods upon an inductive basis. 

In considering the claim of any system of thought to a place 
among the sciences, it must be remembered that its standing is 
not to be determined by the largeness of its results. That a sci¬ 
ence is an organized body of knowledge about a specific class of 
phenomena is a definition which none of us would willingly re¬ 
linquish. It is to the system of truth which has resulted from 
its investigations that the world looks for evidence of the rise of 
a new science. But there is a more essential aspect to the matter 
than this. Such a system of knowledge, because progressive, is 
necessarily incomplete; and all discrimination between its suc¬ 
cessive stages is merely relative. It is a science in becoming, as 
well as in being. If it be worthy of the name at any time, it must 
in the deepest sense be a science at all times. So long as only the 
range of facts which it rationalizes is changed, and not its methods 
and point of view, the scientific character of its work must remain 
unaffected. The moment of its birth is the instant in which that 
mode of approach to a problem of knowledge which we call induc¬ 
tive method is first applied to its subject-matter. Only the sub¬ 
set M ent body of knowledge which gathers about it may indeed 
1: said to give substantial reality to the new science, since it alone 
*;*ves continuity to the study. Yet when we are called upon to 
say of a given piece of work whether it is scientific or not our judg- 
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ment must hinge upon the consideration of method and method 
alone. If psychology adopts the assumptions and criteria of posi¬ 
tivism, of which question is no longer made, its place is amongst 
the descriptive sciences, though the bulk of that organized body 
of knowledge in which the work of every science must result lies 
still in juturo. 

In establishing its position as an inductive science, however, 
one has answered the question concerning the relation of psycho¬ 
logy to philosophy in one of its bearings only. There still remains 
to be considered their mutual relations to the whole system of 
legitimate problems which human consciousness presents, and the 
validity of their respective methods in approaching them. 

The early history of every science is confused by an admixture 
of fable and false interpretation. Wherever a gap in our know¬ 
ledge exists, these airy fabrics are woven; whenever discovery 
throws its solid connections across the hiatus, they are brushed 
aside to be reconstructed elsewhere. These pseudo-explanations 
commonly employ the terms of speculative thought, and appeal 
to the realities with which the philosopher deals. In homologat¬ 
ing philosophy with such a fringe of speculation its function is 
wholly misconstrued. Philosophy supplements science, but by 
no such process of interpolation. The hypothetical completion 
of the web of empirical knowledge, at which these fables aim, be¬ 
longs essentially with the descriptive sciences, however wild its 
assumptions or fantastic the order which it imaginatively con¬ 
structs. When the borders of science thus become confused through 
a failure to discern the absolute discontinuity of scientific explan¬ 
ation and philosophical interpretation, there arises a false hope 
that by patience in perfecting the methods of science and thorough¬ 
ness in their application the whole range of problems which the 
world presents to our intelligence may progressively be solved. 
Finality is indeed inconceivable either in the nature of the specific 
problems to be solved or in the adaptation of method to their in¬ 
vestigation. The limitation of the scientist at any time, however, 
is but the correlative of the stage which his analysis of phenomena 
has then reached, and is not due to any insufficiency of his method 
per se. 

In consequence of this belief the position has been taken again 
and again in the intellectual history of the world that all reality 
is the object of positive knowledge and that naturalistic science 
is the single method of approach to every conceivable problem. 
Whatever justification this attitude had in relation to the func¬ 
tion of physical science it possesses in an intensified form in esti¬ 
mating the part which a thorough experimental investigation of 
the phenomena of consciousness may be expected to play in the 
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solution of those general speculative problems which arise in our 
meditation upon the nature of consciousness and the world of 
knowledge. Once establish the conditions under which conscious¬ 
ness is manifested, by determining the special laws of mental 
functioning and tracing the course of its evolution, and the last 
stronghold of speculation will be taken. A scientific psychology 
will replace those philosophies of mind which, while seeking to 
make plain the nature of mental processes and their relation to 
the world at large, have but replaced real by fictitious problems, 
and darkened understanding thereby. . 

This expectation is necessarily unrealizable, not because of the 
mechanical difficulties of the work, — which may be insurmount- 
able, — but because it is based upon a misconception of the scope 
of empirical psychology and of the relations which exist between 
its conclusions and those of metaphysical interpretation. Psych¬ 
ology we call a descriptive science because it is an analytic study 
of mental functions. The fullest possible account of mind from 
this point of view will still leave untouched the whole problem 
of an object of knowledge and of the origin of the order which 
appears within the content of consciousness. The advance of 
psychological science may legitimately entail a succession of philo¬ 
sophical reconstructions by rendering untenable the forms in which 
those most general relations of existence have hitherto been cast; 
but can never hope to supersede the function of either epistemo¬ 
logy or metaphysics by supplying the conclusions toward which 
their analyses are directed. The break is as absolute as that 
between mind and matter. Nerve-physiology can never hope to 
discover consciousness, nor psychology to reach the region of meta¬ 
physics; not because any part or aspect of mental phenomena is 
excluded from the field of scientific investigation, but for the reason 
that there exists a problem to which the very nature of his assump¬ 
tions precludes approach. This is the interpretation of the place 
and meaning of consciousness, together with the whole realm of 
phenomenal existence of which it forms a part, in the ultimate 
system of things which constitutes the universe of reality. 

So long as the assumption which lies at the basis of all science 
— namely, the existence of an object of knowledge—continues, 
no condition is conceivable in which there will not be the same 
demand which exists to-day for an epistemological analysis of 
the foundations of knowledge and for a metaphysical interpreta¬ 
tion of reality. The reduction of experience to a field which can 
be r garded from a single point of view can be accomplished only 
t ! -.-rough ignoring the existence of the problem of knowledge. The 
process of consciousness must be treated as self-existent and sub¬ 
jected to a wholly internal analysis. Yet in the adoption of such 
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a subjectivistic point of view the metaphysical problem is not faced, 
but assumed to be non-existent, and with the elimination of phil¬ 
osophy vanishes also the validity of science through the denial of 
the fundamental assumption upon which the whole force of its 
appeal depends. 

Within the field of descriptive psychology as thus defined we 
are apparently met by a division into two sub-provinces of 
theoretical and experimental science. The discrimination, however, 
is a false one, if two separable processes are conceived, or two 
independent systems of truth, however closely related. There is 
but one science of psychology, as there is but one physics and one 
biology. Every hypothesis in science must be susceptible of ex¬ 
perimental verification, and the result of every test must either 
confirm or correct an hypothesis. Theoretical science is but the 
continuously elaborated structure which is rising on the basis of 
experimental method,— at once the inspiration and the product 
of inductive research. In the concrete process by which know¬ 
ledge advances these are aspects of an activity which in its essence 
is single. It is only for didactic purposes that a logical analysis 
is made, whereby the results arc presented in isolation from the 
complicated and difficult procedure through which they have been 
reached. All descriptive science is popularized science, a r6sum6 
of conclusions presented in abstraction from their premises, and 
in such a simplified form as may be grasped by minds which from 
lack of information or discipline are unfitted to make independent 
deduction of them. It is an indication of the undeveloped status 
of our science that alongside of its legitimate subdivision accord¬ 
ing to subject-matter there is also a division according to method, 
into general (or theoretical) and experimental psychology. '1 ho 
same general principles govern all research; the same criteria arc 
employed in the validation of scientific results, irrespective of 
qualitative differences in their subject-matter; and the experi¬ 
mental method is the uniform approach of every science to its 


Experimental psychology has no special or .ndependent class 
of phenomena to investigate by which it may be different,ated 
from psychology at large. It has therefore no place - as psych¬ 
ology itself has-in a classification of the sconces «Inch pro¬ 
ceeds upon the logical subdivision of the orders of reality and the 
connections which obtain among them. The relation of experi¬ 
mental psychology to the general science of mind is that of a method 
of investigation to the body of doctrine which results from the 
solution of the problems to which it offers a mode of approach. 
Wherever discriminable ranges of phenomena are treated, the 
investigation of each may be conceived independently. Thus the 
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habits of the adult mind and the processes of its earlier develop¬ 
ment, the types of mental action in the normal subject and their 
variations under conditions of disease, the phenomena of human 
consciousness and those of lower forms of life afford data for sys¬ 
tems of knowledge which, while forming mutually assistive parts 
of one general science, are yet profitably regarded as separable 
groups of organized facts. But no such differentiation can legiti¬ 
mately be made between experimental and theoretical psych¬ 
ology. By virtue of its very demonstration, each fact becomes at 
once an clement in the system of relations which theoretical psych¬ 
ology is constructing. Experimental psychology is thus a term 
which describes the whole process by which our knowledge of mental 
functions and relations is put upon an inductive basis. It connotes 
the transformation which has withdrawn psychology from affiliation 
with philosophy and has placed it among the natural sciences. It is 
by its very nature coextensive with the field of theoretical psych¬ 
ology, for the subject-matter is a continuum, and therefore admits 
of but one mode of approach. 

The range of instances to which the experimental method has 
been applied, and the fruitfulness of its results in any given sub¬ 
class of mental phenomena depend upon the special conditions 
under which these experiences arise; and the value of its con¬ 
tributions varies greatly from one group of psychoses to another. 
But the existence of these difficulties is a thing wholly mechanical 
and irrelevant. The entire field of psychology belongs to the psych¬ 
ologic experimentalist; and only when every part of systematic 
psychology has been put upon a substantial inductive basis shall 
we be in possession of a secure body of doctrine. 

The functional relation which I have just indicated is subject 
to confusion through the rise of a group of loosely related appella¬ 
tions. each of which in turn has been employed to designate the 
field of experimental psychology. I’sychometry, psycho-physics, men- 
tal physiology, physiological psychology, experimental psychology, 
and empirical psychology are terms whose proper applications differ 
so significantly as to make their discrimination indispensable. 

In the present connection, however, we are concerned only with 
indicating the limits of physiological psychology. — a field indi¬ 
cated also l»v the illogical and unhappy term mental physiology. 
'!*his term has not infrequently been used as a substitute for ex¬ 
perimental psychology, and in untcchnical speech is perhaps most 
in vogue for ihi> purpose. Properly it is a much more restricted 
term: for the system of physiological changes which in some form 
« r another is ihe uniform accompaniment of mental phenomena 
• omes under consideration only here and there in the general course 
of psychological investigation. This series of events is indeed one 
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of the most important groups which the investigator has to ex¬ 
amine in his systematic analysis of the physical conditions of con¬ 
sciousness; and an elaborate mass of literature has accumulated 
in regard to it. Nevertheless the relations embraced under physi¬ 
ological psychology form but a fragment of the whole set of problems 
with which the investigator is concerned. Nay, more, an experi¬ 
mental science of mind of no mean proportions might exist in the 
absence of all consideration or knowledge of that mediating series 
of events which we call physiological action. 

Experimental psychology embraces within its field the whole 
system of conditions under which consciousness works, whether 
intensive or qualitative, whether physiological or mechanical, 
whether functional or formal, whether occasional or predispos¬ 
ing. By experimental psychology, therefore, we shall mean the 
systematic investigation by inductive methods of all the internal 
connections of mental action, whether characteristic or pre-deter¬ 
mining; and all its external conditions, both proximate, or physi¬ 
ological, and remote, or physical. 

In contrast to the assertion that psychology is philosophy, it has 
been charged that the work done under that name is really physi¬ 
ology, that the subject-matter is properly described not as mental 
phenomena, but as physical events, and that the laws discovered 
are those of change within the processes of the nervous system. 
The name is a misnomer, and all the physiological psychologists 
are physiologists who have been mislabeled. 

It is true that there is much in common between the two fields 
of investigation. The experimental psychologist must in so many 
instances be familiar not only with the general truths of physiology, 
but also with the mechanics of physiological experimentation, il ho 
is successfully to pursue his investigations, that a working know¬ 
ledge of the latter science may fairly be called an indispensable 
element in his preparation. The strongest confirmation of this is 
perhaps to be found in the number of eminent names which arc 
common to both sciences. Much work of the highest rank in psych¬ 
ology, and perhaps its largest bulk, has been done by those who 
were either still primarily concerned with physiology or had come 
to an interest in the psychological aspect of their investigations 
through an earlier interest in their physiological significance alone. 

It is also true that in methods the two sciences have much in 
common. The same things arc measured in the two cases, namely, 
nervous change, glandular activity, muscular contraction, and their 
time-relations. In the one case, however, these measurements are 
final, while in the other they arc purely instrumental. The physio¬ 
logist is interested in the immediate facts which the measurements 
reveal, in the modes of action, the interrelation of processes, and 
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the curves of variability which characterize the metabolism of the 
body. When these laws have been worked out, the physiologist’s 
task is completed. His aim is to make known the whole system of 
functional modes associated with the physical structures which 
compose the living body. 

But for the psychologist these facts have in themselves no value 
whatever. He should indeed be an eager student of the whole litera¬ 
ture of physiological research because of the potential significance 
of each new fact which is there revealed. But in no one of these, 
however momentous its discovery be for the physiologist, is he con¬ 
cerned, except in so far as it throws light upon the special and inde¬ 
pendent problems with which he is engrossed. Hence the interest 
of the psychologist is distributed in a manner wholly unlike that of 
the physiologist among the series of physical phenomena which 
constitutes the latter’s field of investigation. For it is only such 
parts of this system of physical changes as can be immediately or 
mediately connected with discriminable variations in the associated 
mental content that enter into the calculations of the psychologist; 
though it may be at once acknowledged that as every function is 
necessarily dependent upon some distinctive organic form, so pre¬ 
sumably it is likewise correlated with a real change in the quality 
of consciousness, even though the specific relation of the two may 
as yet have escaped detection. The problem of the latter, therefore, 
in so far as it is to be discriminated from that of the physiologist, is 
the analysis of the whole system of correlations which exist between 
these measurable physical processes and the immediately realized 
succession of modifications which we know as the flow of conscious 
life. 

The relation of psychology to physiology is not wholly one of 
dependence. That science provides much of the terminology in 
which the results of psychological investigation are expressed. 
Moreover the complicated system of relations which physiology 
has worked out forms an organized body of truths which not only 
affords the symbols into which the relations of mental phenomena 
are translated, but may also be used to direct the progress of inves¬ 
tigation and to forecast the yet undetermined connections which 
exist among associated states of mind. 

On the other hand it is likewise true that the knowledge of mental 
functions and their relations has similarly been emploj-ed in framing 
the representation of many physiological processes to which access 

• difficult or impossible, and in guiding the experimentalist in his 
r searches concerning the functions of the central nervous system, 
in much of our brain physiology constructive theory is directed 
rather by an analysis of mental functions. — such as perception, 
speech, and memory, — than by observation of the physical pro- 
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cesses under discussion. Indeed it is not too much to say that, un¬ 
like the work of the anatomist, it is just this systematic knowledge 
which we possess, — knowledge of the functional complexes of the 
conscious life, —which gives form and rationality to the large but 
undigested mass of facts which physiological investigation has 
made known to us, — a fact which the psychologist as well as the 
physiologist is perhaps prone to forget. 

We turn next to those departments of thought and life to which 
experimental psychology makes a direct and positive contribution; 
and first of ethics, esthetics and religion. The common use of the 
term “normative" in connection with this general group of sciences 
has been made the ground for urging a distinction in point of view 
between their fields of study and the descriptive sciences. The 
latter, it is said, treat their subject-matter as sheer phenomena and 
profess to note only the types and sequences which it presents. To 
consider or desire an alternative event is beyond their scope. The 
natural scientist deals historically with an irrevocable, because 
given, system of facts. 

In the normative sciences, on the other hand, it is said, the fact 
is considered not in relation to an actual type, which is itself but 
a certain mean of the series of existing individuals, but in relation 
to an ideal type, or norm, toward which the fact is conceived as 
tending. It is the function of the normative sciences to determine 
these standards and to pass judgment upon each of the facts as it 
appears, appraising its worth in terms of its approach to these 
ideals and apportioning praise and blame accordingly. It may seem 
a gratuitous quibbling where such a real and practically import ant 
distinction exists as that here in question. Yet I cannot but think 
it necessary to protest against the terms in which this difference 
is stated, or, if the terms be not misused, to deny the validity of the 
distinction which is intended. 

All science is descriptive science, with a common nomenclature 
as well as a single task. Its work is to determine the relations, both 
qualitative and causal, which exist among phenomena. It always 
describes what is, and seeks an explanation in terms of its historical 
antecedents. No science, it has already been said, can be logically 
subdivided into theoretical and experimental on the ground of 
differences in procedure. Neither can the existing group of sciences 
be subdivided in virtue of variations in the methods employed. 

The real distinction between the normative and descriptive 
mental sciences lies in their subject-matter, and not in the manner 
in which it is treated. Both alike deal with a system of phenomena, 
and both seek to analyze the given facts for the purpose of deter¬ 
mining their character and order. The student of ethics, instead of 
treating the content of human consciousness at large, studies only 
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those ideals, judgments, and acts which constitute moral life. His 
interest, it is a truism to say, is not in the history of each individual 
judgment, but in the relation of these judgments and acts to the 
ideal which coexists in the mind of their subject. It is the exist¬ 
ence of these ideals, together with the sense of realization or failure, 
and its consequent emotion, which makes the science of ethics 
possible; and its task is first to determine the content of the ideal, 
and secondly to give an account of its historical evolution. With 
the completion of this analysis the work of the ethical student comes 
to an end. It is not true that he has a further or independent func¬ 
tion, — such as the establishment of a criterion of moral values and 
the apportioning of praise and blame in connection with the conduct 
under consideration. A comparative study of the moral ideals which 
obtain among the various races of mankind is indeed within the 
limits of his task; but an estimate other than this, such as the rank¬ 
ing of ends as absolute ethical ideals, is not a scientific process, but 
either an individual moral act expressing personal convictions, or a 
metaphysical speculation as to the place of the various goods of life 
in an ultimate system of reality. 

To these sciences, whose subject-matter is the various norms of 
human conscious life, experimental psychology contributes directly 
and largely. In a word, it gives intelligible order to the content and 
developmental history of the various ideals which govern the 
actions and judgments of man in matters of feeling, conduct, and 
faith. In the absence of such a psychological analysis, I cannot con¬ 
ceive how the sciences of ethics, esthetics, and religion could ever 
be put upon a sound basis. Without it the literature of these depart¬ 
ments of thought would consist of a mass of dogmas which, while 
susceptible of psychological rationalization, must present to the 
philosopher a series of contradictions irreconcilable with his funda¬ 
mental assumptions. Under the concept of a descriptive science 
this impasse is avoided, since the various ideals are then treated 
simply as historical phenomena, and divergence of type involves 
no contradiction, but indicates only variety of nature and environ¬ 
mental conditions. 

Experimental study has both given an historical content to the 
forms of moral law and brought about a rearrangement in our 
judgments of human action; and an analogous reconstruction 
has taken place in regard to religious experience. It follows that if 
we relinquish the concept of unconditional responsibility and sup- 
pi '-ment the principle of the moral will by a recognition of the 
significance of the system of external conditions under which it 
T.ids manifestation, our whole conception of the nature of ethical 
and religious development, and of crime, wrong, and sin, will thereby 
be affected; while educational, therapeutic, and preventive measures 
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will be modified in accordance with the nature of the influence 
which these factors have exerted. This change of view is repre¬ 
sented in the recognition among dependents and criminals of an 
aberrant physical type. It is represented in the sliding scale of 
condemnation attaching to the same fault under different con¬ 
ditions and by different individuals. It is represented in the sub¬ 
stitution of the concept of an orderly and explicable process in the 
religious development of the individual and of humanity for that 
of the miraculous and inscrutable working of a divine spirit. The 
experimental study of the relations of consciousness to its environing 
conditions has removed these provinces of action and judgment 
from the region of mysticism and super natural ism, and made them 
part of the unitary system of forces which finds expression in the 
orderly development of the human life. 

I do not attempt, nor desire, to touch the question of the essential 
character of moral law and the source and implications of our re¬ 
ligious life, but simply to point out that these activities, which are 
part of that inner personal experience which no science has succeeded 
or can succeed in dissecting, are, like all our expressions of will, 
uniformly manifested under conditions which arc accessible to 
scientific treatment, and that whatever analysis can be made, for 
example, of the economic activities of man, the same may be carried 
out in regard to his moral and religious life. And this working-out 
of the naturalistic sciences of ethics and religion has been done 
through a psychological study of the correlations which connect 
their variations with systematic changes in the individual and his 
environment. 

With the historical sciences the case stands differently. The 
study of history is an expression of our uncontrollable sympathy 
with all that touches the self which makes human experience at 
large the reflection of our own personal life. This characterization 
throws history into the one group with fiction and the drama as 
objects of interest, and seems to do violence to truth. The work 
of the biographer and historian is commonly discriminated from 
that of the novelist and poet, by reason of a difference in the points 
of view from which they regard a common material, namely, the 
living experiences of men and nations. 'I he historian does not aim 
at a dramatic reincarnation of persons and situations; he under¬ 
takes a systematic analysis of human motives in order that the 
process of life may be made intelligible. The distinction is a real 
and important one. All history, as it reappears in the individual 
imagination, is transmuted into epic poetry, endowed with a dom¬ 
inant note and a dramatic unity which the original experience in¬ 
evitably lacked. This bias, which is inseparable from personal 
consciousness, the historian sets himself to correct by an exhaustive 
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study of the elements which his most complex material embraces. 
These he aims to set forth in the order of their importance consid¬ 
ered from the point of view of the whole system of human interests 
involved. The attitude of the historian is essentially judicial, and 
sets up as its ideal the utmost impartiality which is compatible 
with the specific assumptions which limit his treatment, such as 
the concept of an individual life, a social evolution, the development 
of a political form, and the like. 

Nevertheless the analyses of the historian necessarily concern 
persons and occurrences, both of which are individual and unique. 
They cannot, therefore, constitute a science in the ordinary accept¬ 
ation of that term. Both biographer and historian seek the truth; 
they employ the same canons as the scientist in establishing the 
correctness of their observations; but in the end their aim is radi¬ 
cally different from that of science, and cannot be expressed in its 
terms. Life, whether of an individual or a group, is composed of 
a series of experiences which have their existence and can never 
recur; and be the subject-matter of history conceived as a succes¬ 
sion of events or as the reaction of wills which gives rise to them, 
the ideal of the historian is faithfulness in the representation of 
these unique experiences, and nothing more. 

But the individual occurrence has no interest for the scientist 
and no place in his system. For the successive stages which con¬ 
stitute the life-history of a crystal, a plant, a man, or a nation he 
has no concern. Not the individual fact, but the general principle, 
not the event, but the law of its occurrence, not the unique reality, 
but the universal form, is that which the scientist seeks. With the 
methods and results of historical research, therefore, psychology 
has no direct relation. The affiliations of history are with the utili¬ 
tarian, not the normative sciences. It is a study of human char¬ 
acter which is made in the chamber instead of the market, by the 
thinker instead of the politician, and is reflective instead of prac¬ 
tical in its outcome only because of the irreversible character of 
the series of phenomena with which it deals. 

Such an analysis can be called scientific only by an extension 
of the term which strikes at the very root of the characteristic 
which science has consistently striven to maintain as its essential 
basis. By this statement only a qualitative distinction between 
tluse two fields of investigation is intended, without (it should 
be needless to say) any thought derogatory to the dignity or value 
cf historical study. The history of men and of nations is of absorb- 
i: g interest to the psychologist, and affords material for many 
s nces, — economical, political, psychological, and social, — but 
ti. se are not history, which, whether its subject be an individual 
or a social group, whether it be a person or an institution, whether 
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it be objectively or subjectively conceived, is essentially biography. 
Psychology can contribute much to the whole body of sciences 
whose subject-matter is human consciousness in its various spe¬ 
cial relations, but to the reconstruction of individual evolution, 
whether of life itself or of its permanent expressions in literature, 
art, religion, and political forms, it can contribute only as a pre¬ 
paratory discipline of the historian himself. 

The contribution of psychology to the utilitarian sciences, like 
that to history, is indirect and disciplinary; but with the signi¬ 
ficant difference that, since the conditions with which these sciences 
deal are plastic instead of irreversible, the experimental study of 
mind not only gives intelligible order to their materials, but also 
modifies action in their regard. Of the manifold special relations, 
physical and mental, educational and therapeutic, which are em¬ 
braced within the group, I shall select medicine and pedagogy as 
typical examples. 

I do not choose these as representative of distinct final aims. 
Health as well as character can ultimately be expressed only in 
subjective terms. If a bilious condition affected neither the stomach 
nor the head, if an excess of uric acid resulted in no rheumatic 
twinges, if a lack of red blood neither ruined our complexions nor 
lowered our capacity for happy activity, where is the man who 
would give a thought to these things, or care whether they were 
normal or not; since they affected neither the quality of his pre¬ 
sent consciousness nor its duration? The whole value of the art 
of healing roots in the transformation which is effected in the sub¬ 
ject of consciousness, and in that alone. 

It is, however, with the methodology of the science and not its 
ultimate aim that we have here to do, and with this also the men¬ 
tal factor is found to be inextricably interwoven. The causes which 
the physician seeks are indeed physical. He does not attempt to 
cure the mind immediately, but directs his efforts toward a recti¬ 
fication of the perverted bodily condition which is assumed as the 
basis of the abnormal mental state. Nevertheless he cannot safely 
direct his treatment toward the body alone, but must constantly 
take into account the patient’s condition of mind and the bearing 
upon his own special problems of secondary conditions of excite¬ 
ment, depression, and irregularity manifested in the form of mental 
disturbances, which may have not only prime importance for his 
diagnosis, but also the greatest influence upon the success or failure 
of his treatment of the original source of trouble. 

In the practice of the physician symptomatology is as much 
a matter of psycho-physical responses as of physiological tests. 
This is true whatever be the nature of the disease, but it is espe¬ 
cially important in the case of functional disturbances, above all 
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where these affect the cerebro-spinal system. In nervous diseases 
diagnosis proceeds largely upon a psychological study of abnor¬ 
malities in sensation, idea, and utterance. It is not necessary to 
complicate the matter by any discussion of the relations of mind 
and bod) r , nor to take sides in the debate between interaction and 
parallelism. Stated in purely physical terms, it is but recalling to 
mind the necessity of taking into account the intimate and pecul¬ 
iar influence which conditions of excitement in the central nerv¬ 
ous system exert upon the general metabolism of the body, and 
the question is solely as to the variety of indications of which the 
neurologist or alienist may avail himself and the range of alterna¬ 
tives from which his treatment is to be selected. In the cases under 
discussion the determination does not rest solely upon anatomical 
dissection or physiological measurements or chemical analysis, but 
involves constantly an interpretative discernment of conditions 
inaccessible to direct examination through an observation of the 
whole system of mental attitudes and expressions which the patient 
manifests. Temperament, mental habits, resiliency of will, the 
very creed and philosophical point of view of a patient, must be 
included in the system of factors which indicate or influence the 
history of his disease. May it not be said that into every persist¬ 
ent functional trouble these factors enter deeply, and that the 
treatment of hysteria and insanity and the hundred and one ail¬ 
ment s which cluster about unstable nervous function achieves 
success in proportion to the adequacy of the neurologist’s acquaint¬ 
ance with medical psychology? A thorough course in the general 
science of mind is desirable in the preparation of every practi¬ 
tioner; but for the nerve specialist a knowledge of the results of 
experimental research on normal function, as well as its variations, 
is absolutely indispensable. For it must be remembered that in 
his work practice as well as diagnosis is largely mental in its na¬ 
ture. I Mugs take a secondary place. The patient must be soothed, 
encouraged, and guided into new mental habits by a process of 
suggestion, stimulation, and restraint. The establishment through 
mental therapeutics of a more normal central condition, supple¬ 
mented by food, air, and exercise, is trusted to bring about a restora- 
t i«of equilibrium among the secondarily disturbed processes of 
the body. 

IVycho-physical investigation has transformed our views as to the 
nature and origin of idiocy and epilepsy, of hysteria and insanity, 
ar i all the troubles of that misused and afflicted class, the men¬ 
tally deranged; and has made over the whole system of treatment 
to which they are subjected. It is affecting more and more widely 
the general practice of the physician, by emphasizing the signi¬ 
ficant part which mental attitudes play in the history of disease. 
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And it should strip mental healing in all its forms of the gross and 
fantastic claims made in its behalf, and at the same time make 
progressively clearer the place and importance of truths which 
men of genuine insight in the medical profession have always re¬ 
cognized, but which in our own day no less than in the past are 
travestied by the practices of charlatans and the doctrines of 
pseudo-philosophical cults. 

The relation of psychology to pedagogy has been confused by 
a debate concerning the methodological assumptions of the two 
sciences. The psychologist conceives the mind of man as a system 
of phenomena to be resolved into its constituent elements for the 
purpose of explaining the succession of changes which occur within 
it. It is involved in his very point of view that that which alone 
gives to mind its inner significance, namely, its existence as a per¬ 
sonality realizing itself through a series of purposeful acts, must 
be ignored; and its development, instead of being treated as a 
true process of growth, must be conceived purely as a succession 
of events in time. He may thus be said never to have come within 
sight of the materials which are shaped by those who educate the 
will, form the judgment, and appraise the conduct of men. The 
latter deal with the individual as a system of inner motives and 
purposes, not as a phenomenon to be analyzed and explained. 
The child must be sympathetically understood, the neighbor in¬ 
fluenced by argument and persuasion, the criminal treated as a 
responsible person. To view the human soul as a thing acted upon 
by calculable forces with determinate results is to substitute for 
the living personality a system of inert objects; it is to convert 
teaching and the execution of justice into technical manipulation 
and prudential restraint. 

Now it is of course true that these human relations arc differ¬ 
entiated from that which exists, for example, between an artist and 
his clay by just this personal, purposive character which is the 
essence of the material as well as its molder, and that the teacher 
aims not at a result, — for routine or enforced performance is the 
negation of the educational ideal, — but at a process, the trans¬ 
formation of a living will. Nevertheless, personality does not meet 
personality directlv. Both termini are ideal purposes, but these 
must first be translated into a system of objective forces, — the 
technical methods and conditions of education, — and reinter¬ 
preted by the child in terms of his own personal experience as part 
of a larger and modified self. 

The process through which the human will is realized is not a 
free inner development whose form is determined by an unimpeded 
manifestation of subjective forces. It is an expression constituted 
by the reaction of these inner purposes upon a complex and resistant 
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material. The will works under conditions which may inhibit or 
transform the original impulse as well as provide material for its 
incarnation. It is by the control of these modifying objective con¬ 
ditions that the educator characteristically proceeds in his work of 
molding the will itself. All, therefore, that experimental science 
has determined concerning the influence either of remote physical 
conditions or of specific physiological states upon mental function 
and quality is thus part of the mechanism which the technique of 
the teacher involves. 

Among the sciences which so contribute to educational method 
is experimental psychology. It is not because psychology investi¬ 
gates those things which constitute the object of the teacher’s 
activity that its results are of value in the latter profession. That 
which experimental psychology studies is a fiction similar to the 
wage-earner of the economist, and the results which he arrives at 
can no more be interpolated in the series of real experiences which 
constitutes the life of each person than the living man can be ex¬ 
pected to fulfill the laws of competition in independence of the 
innumerable other motives which affect his conduct. The life of 
the child is indescribable in the terms of experimental psychology, 
or indeed in that of any science whatever. 

The availability of laboratory results rests upon an altogether 
different basis, which it possesses in common with all sciences treat¬ 
ing of our humano-naturalistic environment. It is because psycho¬ 
logy, in its study of mental processes, necessarily expresses its con¬ 
clusions in terms of those general physical relations which constitute 
at once our sole means of social communication and the conditions 
under which our wills find expression for their activity. Whatever 
bearing hygiene and sanitation, climatology and physiology, patho¬ 
logy and anthropology have upon the mechanics of education, the 
same has experimental psychology in a yet more intimate sense. 
Its determination of the system of norms which characterize the 
successive stages of development, — a work which as yet is scarcely 
begun, — and its formulation of the relations between varying 
physical conditions and fluctuations in the mental activity enable 
the teacher to provide more fit and healthy conditions under which 
the development of the child shall take place, to adapt the technique 
of instruction to the irreversible relations which exist between the 
personality of the child and his material environment, and to treat 
in a more rational manner the conduct and accomplishment of 
those under his charge. 

It is not only consistent with this relation, but also a logical 
result of its existence that the deductions of experimental psycho¬ 
logy can be applied only in the mass. The individual soul is un- 
quantifiable, and can be treated only intuitively. Its education is the 
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result of formative influences which can be expressed only in terms 
of will and personality. But this is a part of the truth only. Above 
the infinite variations which the universe of personalities presents 
arise the types which their common features compose; and wherever 
individuals are to be treated as a class the results of science, whether 
physical or mental, are available in manipulating them. Enlight¬ 
ened educational method is psycho-technical as well as inspirational, 
and necessarily involves a sensitive regard for the whole set of 
extrinsic conditions under which development takes place. To 
know the influence of air-space, light, exercise, and food upon 
human life and activity is part of the teacher’s business. To under¬ 
stand the relation of respiration, posture, digestion, and nutrition 
to mental work is part of his business. To recognize the bearing of 
atmospheric changes, in temperature, humidity, pressure, and 
electric condition is part. The discharge of his office calls also for 
an understanding of the consequences of nervous instability, excite¬ 
ment, and depression; of the bearing of attitudes of hope, anxiety, 
confidence, trust, and suspicion, and of the significance, in a word, 
of the whole series of psycho-physical changes which take place in 
the individual in connection with specific alterations in his sur¬ 
roundings, condition, and prospects. And these are in large part 
worked out by the experimental psychologist as supplemental 
to his more immediate task of ascertaining the norms of mental 
function and thereby establishing criteria by which the treatment 
of classes of individuals may be intelligently controlled. 
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The first difficulty that confronts one, as one attempts to envisage 
the problems of experimental psychology, is the difficulty of defini¬ 
tion. What is a psychological experiment? What is the scope of 
experimental psychology? Is experiment simply a method of work, 
applicable to all or to some special parts of the psychological system; 
or is experimental psychology a distinct branch of psychology, 
sharply marked off from other and coordinate branches? 

The programme of this Congress would seem to have decided the 
issue in the latter sense; for we find sections of General Psychology, 
of Comparative and Genetic Psychology, of Abnormal Psychology, 
and of Social Psychology, arranged alongside of our own Section 
of Experimental Psychology. If, then, I wished to take shelter 
behind the plan of the programme, I might, with some show of 
justification, confine myself to the discussion of those problems in 
normal, human, adult psychology which still form the staple material 
of experimental investigation in the laboratories, and might omit 
all reference to the extensions of the experimental method to out¬ 
lying fields. Such a course would, nevertheless, be unsatisfactory. 
The extensions of tlie method are coming to play a larger and larger 
part in psychological discussions and in our psychological literature; 
and it behoves us to take up a stand with regard to them, positive 
or negative, appreciative or critical. I shall try not to shirk this 
duty. Lot me say, however, at the outset — and I shall have more 
to say upon the matter presently — that, whatever else experi¬ 
mental psychology may be, there can be no doubt that the subjects 
to which the programme apparently limits us are experimental 
psychology. The examination, under strictly controlled and pro¬ 
perly varied conditions, of the normal, adult, human mind, — this 
is psychological experiment in its pure, primary, and typical form. 
And it is this typical experimental psychology the problems of which 
we have. the first place, to consider. 
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In approaching this question of the problems of experimental 
psychology, it seemed to me that the surest key to the future lay 
in the accomplishment of the past. The best way to find out what 
experimental psychology has to do is, I thought, to make certain 
of what it has already done. With this idea in mind, I naturally 
had recourse to our bibliographies, — the American bibliography 
of the Psychological Review, and the German of the Zeitschrift /. 
Psychologic. The result was not encouraging. We all knew, of 
course, that the plan of arrangement of these two yearly lists is by 
no means the same. What I, for one, had not realized was the fact 
that the plan of arrangement of both is eminently unsystematic. 
We use a bibliography, and find it useful; we do not need to inquire 
further regarding it. But I do not believe that any psychologist, 
of whatever school, could write a systematic psychology on the 
lines laid down in these bibliographies. This fact — if fact it is — 
seems worthy of a passing remark; for it indicates, in a concrete 
and definite way, that in spite of the enormous increase of our 
psychological knowledge, within the last few decades, we are still 
very far from any complete or rounded science of psychology. 
I am not so much disposed to blame the bibliographers — I take 
their lack of system to be unavoidable — as I am to draw a long 
breath at the amount of work which still remains for us to do. 

Finding that 1 could not avail myself of the bibliographies, I 
took the bull by the horns, and went to the psychological journals. 
I listed and analyzed the experimental papers in the Philosophised 
Studien, the Zeitschrift f. Psychologic, the Annie psychologiguc, the 
American Journal of Psychology, and the Psychological Review; not 
with any view of substituting a classification of my own tor the 
classifications now employed, but simply with the intention of finding 
out what was there. If you object that these five journals arc not 
coextensive with experimental psychology, I must reply that they 
are at any rate representative, and that the duration of human file 
is limited. Even so. I am not sure that the game was worth the 
candle. I earned, perhaps, by hard work, the right to stand upon 
this platform; but I found out very little that I did not know before. 

If I am to indicate, briefly, the results of this inquiry, I must 
premise that we are agreed upon the distinction, within experi¬ 
mental psychology, between the properly “psychological” and 
the psycho-physical attitudes. The object of the “ psychological ’ 
experiment, as I am now using the phrase, is introspective ac¬ 
quaintance with the processes and formations of a given conscious¬ 
ness. The object of the psycho-physical experiment, as we have 
recently been reminded by G. K. Muller. — I suppose that we are 
all fresh from a reading of his Psychophysische Methodik, — is 
a numerical determination. Thus, the object of the simple reac- 
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tion, regarded as a psychological experiment, is the introspective 
analysis of the action-consciousness, given under certain fixed 
conditions; the object of the same experiment, regarded psycho- 
physically, is the ascertainment of a representative time-value 
and of the manner and limits of its variation. Both points of view 
are covered by the general term “experimental psychology both 
types of experiment are valuable; but the two must not be con¬ 
fused. If, now, we look at the contents of the Philosophische Stw- 
dien, the oldest established of our five journals, we find that three 
departments of experimental investigation are preferred high 
above the rest: sensation, perception, and action. There is, more¬ 
over, a very definite trend toward psycho-physics, so that, e. g., 
at least two fifths of the articles that deal with sensation must be 
classed outright as psycho-physical. The remaining experimental 
papers may be subsumed under the headings: association of ideas, 
attention, feeling, memory and recognition, the organic accom¬ 
paniments of the mental life, the range of consciousness, the pro¬ 
cesses involved in the activities of reading and writing, and the 
time-consciousness. What we find in the other four journals is a 
continuance of interest in these same problems, but a continu¬ 
ance of interest which is combined with a shift of emphasis from 
psycho-physics to psychology, and a widening of the area of ex¬ 
perimental work. Thus in the Studien there are about twice as 
many articles on sensation, psychological, and psycho-physical, 
as there are on perception; in the American Journal , the articles 
on perception are more numerous than those on sensation; in the 
Psychological Review there are, roughly, three articles on percep¬ 
tion for every two on sensation, while the strictly psycho-physical 
papers may almost be counted upon the fingers of one hand; and 
the Annie psychologique, if I have counted aright, has practically 
as many articles on memory as it has on perception, and more of 
either than it has on sensation, while the spirit of the work has, 
from the first, been adverse to psycho-physics. Or again, the con¬ 
tents of the American Journal may, with some manipulation, be 
brought under the same headings that served for the Studien, save 
that one additional caption must be made for studies of voluntary 
movement (other than reactions) and of the experiences of effort 
and fatigue; while those of the Zcitschrijt and the Psychological 
Review require at any rate three or four new rubrics, to cover work 
done upon mental inhibitions, the process of learning, motor auto¬ 
matisms and motor dispositions, habit, etc. I do not wish to labor 
this point, even if I must leave it with some sense of injustice to 
the periodicals under review. You know, without my telling you, 
and I knew, without going to the magazines, that the course of 
experimental psychology in recent years has been away from 
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simple psycho-physical determinations, and towards introspective 
analysis; and that the experimental method has been continually 
extended from the simpler processes to the more complex — whether 
to complexes hitherto untouched by experiment, or to unfamiliar 
phases of familiar mental formations. All that a study of the jour¬ 
nals can do is to quantify and define these facts. I should like to 
add, however, that their study has brought home to me, in a very 
vivid way, the immense complexity and far-reaching interconnection 
of the mental life. The contents of experimental papers aje often¬ 
times so varied that only a classification a potiori is possible; 
and, oftentimes again, results that are but incidental to the given 
topic of investigation prove later on to be fundamental for pro¬ 
blems from which this topic had seemed disconnected and remote. 

So much, then, by way of preparation. Let us now, in the light 
of it, attempt to formulate the present problems of experimental 
psychology. You will remember that I am speaking of experi¬ 
mental psychology sensu stricto, — of the experimental investiga¬ 
tion of the normal, adult, human consciousness. I wish that I 
could proceed systematically. But, in the existing condition of 
the science, it is better to be topical. We may, however, begin in 
a quasi-systematic way, by considering the three fundamental 
problems of sensation, affection, and attention. 

(1) Sensation. The senses, viewed from the standpoint of 
psychological knowledge, fall into three principal groups. We 
know a great deal about sight and hearing; we know a good deal 
about taste, smell, and the cutaneous senses; of the organic- 
sensations, with a very few exceptions, we know practically no¬ 
thing. There is work to be done — I say this emphatically — in 
every field; there is probably no single chapter in sense-psycho¬ 
logy that may not, with advantage, be reopened. Nevertheless, 
we know a great deal about sight and hearing; the literature of 
these senses is voluminous; advance in our knowledge lies (I am 
speaking in the large, and quite roughly) in the hands of the few 
experts who have occupied themselves particularly with visual 
and auditory problems. And we know a good deal about taste, 
smell, and the cutaneous senses; although here, doubtless, there 
is much steady work, rank-and-file work, yet to be done. We know 
something of the organic complex concerned in active touch, and 
something of the static sense. On the other hand, of the organic 
sensations in general we know practically nothing. Here, then, as 
I take it, lies the immediate sense-problem for experimental psych¬ 
ology. When we remember the importance of organic sensation 
in the affective life, its importance as the vehicle of sensory judg¬ 
ments in psycho-physical work, the part it plays in the mech¬ 
anism of memory and recognition or in the motives to action, 
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its importance for the primary perception of self; when we re¬ 
member the widespread character of the organic reaction set up 
by any sensory stimulus; when we realize that some psycholog¬ 
ical systems have recourse to it from beginning to end, while others 
(Wundt’s recent Grundziige is an example) practically ignore 
it; when we remember that certain questions of prime systematic 
importance hinge upon it, — the question of the duality of the 
conscious elements, of the relative range of sensation and image, 
of what is called affective memory, and so on,—we can hardly fail 
to see that here is a great gap in our psychological knowledge, the 
filling of which calls for a persistent application of the experi¬ 
mental method. Of all problems in the psychology of sense that are 
now before us, the problem of the number, nature, and laws of 
connection of the organic sensations appears to me to be the most 
pressing. 

In the domain of psycho-physics, I see no single problem of su¬ 
preme import, but rather a need for patient, continuous work by 
the methods already formulated. The inherent aim of psycho¬ 
physical investigation is, as I have said, the determination of the 
psycho-physical constants. Now it is by no means difficult to vary 
a psycho-physical method, and so to set up a claim of originality; 
but it requires patience and some self-sacrifice to work through 
a psycho-physical method to the bitter end. What we now want 
is less ingenuity and more work, — accurate, continuous work all 
along the line. We have methods and we have formulse. Let us 
give them a thorough test. The results will be of extreme value 
for psycho-physics, and no one need fear that they will be barren 
for psychology. On the contrary, no small part of our analytical 
knowledge of the higher processes, as they are called, — processes 
of judgment, of comparison, of abstraction, — derives straight from 
the method-work of psycho-physics. It would, in my opinion, be 
time and energy well spent, if every existing laboratory were to 
undertake what one might term the routine work of testing-out, 
without modification, one or other of the classical methods. 

I am aware that psycho-physics trenches upon large problems. 
I ought, indeed, to be keenly alive to these problems, seeing that 
for the past three years they have occupied me, with but little 
intermission. There is the great problem of mental measurement 
itself; there are the minor problems of the validity of the differ¬ 
ence limen, the equality of just noticeable differences, the range 
of Weber's Law, the correlation of functional constants, and what 
not. If I wore speaking of the history of experimental psychology, 
and not of its present status, I might hope to show you that more 
has been done towards a solution of these problems than the cur¬ 
rent statements in text-books and magazines would lead one to 



PROBLEMS OF EXPERIMENTAL PSYCHOLOGY 679 

suppose. But, with these problems in mind, I insist that the im¬ 
mediate demand in psycho-physics is for careful, straightforward 
work by the approved methods. We shall gain more from such 
work than from anything else. 

(2) Affection. When we turn to the affective processes, we 
have no such difficulty in selecting our problems. This whole 
chapter in experimental psychology is one single problem. Will 
you believe — I had myself not realized it before — that in all 
the five and thirty volumes of the Zeitschrift there is not a solitary 
experimental article on the feelings? This, although the same 
volumes contain, roughly, two hundred contributions to experi¬ 
mental psychology! The Studien has about one hundred and forty 
experimental papers, of which nine deal with affective psycho¬ 
logy or experimental esthetics: that is the best record I have 
found. Now look at the problems. We are not at one as regards 
the nature and number of the elementary affections; there are 
experimental psychologists who reduce all the elements of con¬ 
sciousness to sensations. We are not agreed whether the divers¬ 
ity of feelings is to be referred to a diversity of affective process 
proper or to a diversity of organic sensation. Some of us think 
that a given affective process is coextensive with consciousness; 
others maintain that consciousness may be a mosaic of affections. 
Some assert that the feeling-element is effective for association; 
others deny it this effectiveness. Some find the best illustrations 
of the law of contrast in the sphere of feeling; to others, contrast 
may itself be a feeling. Our facts are few, our laws dubious. Surely, 
it is time to gird up our loins and make serious business of these 
affective problems. 

I have insisted on the paucity of the experimental articles upon 
feeling. I do not, by this, mean to accuse experimental psycho¬ 
logy of idleness or neglect: Lehmann's two books would save us 
from such a charge, if we had nothing else to offer. But these two 
books are characterized by their reliance upon the expressive 
method,-a method which, as you are aware, has stood in the 
forefront of many recent discussions. I have been at the pains to 
make out a complete table - complete, that is, so far as I was 
able to make it complete - of the results obtained by the method 
of expression. There is much to be learned from them. But I can¬ 
not believe that the method will help us very greatly towards an 
affective psychology. The organic reactions which the expressive 
method registers are closely interwoven and interdependent, and 
the task of differentiation presents difficulties which, if not insur¬ 
mountable, have at least not yet been surmounted. I am disposed 
to think, e. g. t that the plcthysmograph, as a differential instru¬ 
ment, is doomed to disappear from our laboratories. The sphyg- 
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mograph, and especially the pneumograph, hold out better hope; 
but I doubt if, at the best, a differentiation of affective qualities 
is to be expected from them. From the method of suggestion, 
which really takes us over into social psychology, I expect still 
less. There remains, at present, only the method of impression, 
which has done good service in a limited field, and which should 
be capable of modification and expansion. However, I am fortun¬ 
ately not called upon here to propose methods of work, but only 
to indicate problems. And the facts and laws of the affective life, 
the life of feeling and emotion, form one of the largest and one of 
the most insistent problems of modem experimental psychology. 

(3) Attention. The prominence given to the state of attention 
is characteristic of experimental psychology, as contrasted with 
the empirical psychology of associationism. It is, indeed, one of 
Wundt’s greatest services to the new psychology that he early 
divined the cardinal importance of attention in the psychological 
system, and began that series of experiments of which we can by 
no means see the end to-day. For I imagine that we must all admit, 
if we are honest with ourselves, that the body of facts at our dis¬ 
posal, large and varied as it is, is yet not adequate to a theory of 
the attentive state. We must know more of the constitution of 
tlie attentive consciousness, and of the mechunism of distraction; 
much remains to be done before we can settle the vexed questions 
of the distribution of attention; we must work out, experimentally, 
the relation of attention to affective process; even the familiar prob¬ 
lems of the range and duration of the attentive state are —well, are 
still problems. I am not sure that we shall not have to manifold 
the study of attention, as we have that of memory; and to speak 
in future of the facts and laws of visual attention, auditory atten¬ 
tion, and so on, instead of taking “ attention ” as a single state. I 
am certain that we must have a more specialized psychology of 
the great variants and resultants of attention — a specialized 
psychology of expectation and habituation, of practice and fatigue. 

If, then, I have seized the situation correctly, we have in these 
three fundamental departments of psychology' three problems of 
different orders, the solution of which calls for a diverse endow¬ 
ment of psychological skill and insight. There is an outlying group 
of sensations that can, we must believe, be successfully attacked 
bv ‘he analytic methods which have been successfully employed 
in the olsense departments. The experimental study of the 
affective . cesses calls for a much greater gift of originality and 
constructive imagination; we have to shake off literature and 
tradition, and to begin almost at the beginning. In the case of 
at« t : m, we have to push on and make progress along paths 
a.i.r.-iy marked out, but insufficiently explored. 
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What holds in this regard of the attention seems to me to hold 
also (4) for that mixed medley of formations which we include under 
the general term perception. I wish that we could banish the word 
perception to the special limbo reserved for unregenerate concepts, 
and could put in its place a round dozen of concrete and descriptive 
terms! But it has, so far, held its own, and I can hardly avoid its 
use. We know, now, a great deal about tonal fusion, about space- 
perception, about rhythm, — if rhythm be a perception; we know 
something about time-perception. You will, however, agree with 
me that no one of these topics is a closed chapter. I see no very 
pressing problem, as I look over the held; but I see, in every quarter 
of it, good work that needs doing. I am sorry if this opinion appears 
indefinite; it is the opinion that I have come to after a study of 
more than a hundred and fifty articles that deal with perception in 
the five journals referred to just now: and I cannot make it more 
definite without going so deeply into detail as far to exceed the time 
allotted to me. 

We can speak a little more concretely of (5) recognition , memory, 
and association. Association was, at first, handled in rather step¬ 
motherly fashion by experimental psychology. Of late years, how¬ 
ever, we have come to see the importance of detailed analyses of 
the associative, as also of the recognitive consciousness; we have, 
I think, finally broken free from the traditional schemata, and are 
approaching the problem with open minds. Something has already 
been done; much more remains Xo do. The experimental study of 
memory was begun, by Ebbinghaus, rather in a practical or psycho¬ 
physical than in a psychological spirit. In the development of 
the work since Ebbinghaus, we can trace two tendencies: a tend¬ 
ency towards psychological analysis of the memory-consciousness 
and the explication of the psychological laws of memory; that on 
the one hand; and on the other, a tendency towards the application 
in practice of psychological results. While, now, I take the recent 
experimental work on memory and the associations involved in 
memory to be work of a high order; and while I believe,in particular, 
that certain of the methods employed are a valuable addition to our 
psychological repertory, I cannot but think that the two tendencies 
just mentioned have not been kept as distinct as they should have 
been, and that experimental psychology has suffered in consequence. 
We can hardly hope to get a psychology of memory and association 
on the ground of Reproduklionstcndcnz and Pcrsexeratxonstcndenz; 
we can hardly hope to get practical rules, if they are what we want, 
out of the published studies on economy of learning. The Tendcnz- 
concepts are psvcho-physical, and tend to cover up the complexity 
of actual experience; the practical studies arc made under condi¬ 
tions widely remote from those that obtain in ordinary practice. 



682 


EXPERIMENTAL PSYCHOLOGY 


Let us realize that we may attempt here any one of three distinct 
problems. We may aim at a psychology of memory and association; 
i. e., we may seek to record our experience, to trace the introspect¬ 
ive patterning of the memory-consciousness. We may aim at a 
psycho-physics of memory; i. e. f we may try to establish formula 
akin to the well-known formula of Ebbinghaus's Gedachtnis, which 
represents retention as a function of time elapsed. Or we may aim 
at an applied psychology of memory; we may work out, experi¬ 
mentally, an art of acquisition. I do not say that an investigation 
into one of these three topics will throw no light on the other two; 
on the contrary, I have already insisted on the value of indirect 
results in psychological inquiries. But in our thought, at any rate, 
the three problems should remain separate and distinct. They offer, 
without doubt, a wide field for future research. I would suggest, 
though with all reserve, that the psychological study of memory 
and association may, in the long run, help us to clear up the much- 
disputed question of the subconscious. There are, as you know, 
experimental psychologists who work simply in terms of introspec¬ 
tion and of physiological process; there are others who interpolate 
between these terms an unconscious or subconscious mentality. I 
cannot go into detail; but it seems to me that, if these differences 
of opinion can in any connection be brought into the laboratory 
for adjustment, it is here, in the investigation of memory and 
association, that we may hope to introduce them. 

I come next (6) to action. You will remember that, in its early 
years, experimental psychology was much concerned with the psycho¬ 
physics of action; indeed, the problem of the “personal equation" 
is a good deal older than our laboratories. This interest has never 
flagged. If we have not heard so much of late about reaction ex¬ 
periments, we have heard a great deal about the psycho-physiology 
and psycho-physics of voluntary movement. And I think that we 
can leave these things to take care of themselves; we may, without 
any question, look to the next few years for improvements of tech¬ 
nique, for revision of numerical determinations, for recasting of 
theories. That work is under way. What I should like now to em¬ 
phasize is the need for investigation of the more strictly psycho¬ 
logical kind. Our knowledge of the action-consciousness is still very 
schematic, very rough, in part very hypothetical. It has been re¬ 
cognized f. r some years that the reaction experiment may be turned 
to qualitative, c., to analytical account; but so far more use has 
been made of this idea in laboratory practice than in research. We 
must st:.rt all over again, and take the action-consciousness seriously. 

1 once made a sort of reaction experiment of the setting-up and 
taking-down of an inductorium; the student made the manipula¬ 
tion: continuously, under time-control, and gave his introspective 
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record at the end of each experiment. We worked at the problem 
for a year, only to learn that we had been too ambitious; we had, 
as even with experience one is apt to do, underestimated the com¬ 
plexity of consciousness. At the same time, we decided that the 
problem was soluble; we gathered in a good store of introspective 
results, even if they were too individual, and too discrete, to be 
employed for generalization; with more time and more observers, 
or with a simpler set of voluntary movements for study, we should 
have accomplished something for psychology. I regard such studies 
as those recently made on the control of the relrahena of the ear, 
or on the control of the winking reflex, as extremely promising in 
this field. At any rate, whether we work from the classical reaction 
experiment, or whether we take voluntary movement under more 
natural conditions, the problem is quite definite: we must submit 
action to an introspective analysis as detailed and as searching as 
that to which we have subjected perception. 

I have put off (7) imagination, because I am a little afraid of the 
term. It is a word which, like perception, I should be glad to see 
discarded from the vocabulary of experimental psychology. I think 
that we employ it more vaguely even than we employ perception; 
and I think that the future will substitute for it a number of de¬ 
scriptive terms. If we begin with the elementary process, the image 
itself, we must plead ignorance on two fundamental points: whether 
image-quality is coextensive with sensation-quality, and whether 
image-difference is adequate to sense-discrimination. If we go to 
the other extreme, and regard imagination as the general name for 
a group of typical formations,—as a concept coordinate with 
memory, — we must surely say that experimental psychology is, as 
yet, hardly over the threshold of the subject. We know, perhaps, 
how to set to work: some investigations have been made, and some 
hints toward method have been given; but, in the large, this chapter 
of experimental psychology remains to be written. 

(8) Of the more complex affective formations we can say but 
little until we have a better psychology of feeling. No doubt, there 
are certain problems in the psychology of sentiment, and more 
especially in that of the esthetic sentiments, that can, within limits, 
be handled without regard to the ultimate categories of feeling. I 
should, however, consider these limits as very strictly drawn. 

(9) For the higher intellectual processes we have, I think, three 
sources of knowledge: direct experiment,—that, as you know, has 
been well begun, —the indirect results of experiment upon sensa¬ 
tion, and Volkerpsychologie. I am inclined to lay great stress upon 
the second of these sources. Experimental psychology has often 
been reproached, on the one hand, because it devotes most of its time 
to sensation, and on the other because the results of its dealings with 
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the higher processes are jejune and meager. To the former charge 
I plead guilty, in so far as we have avoided the affective problems, 
though this neglect is not at all what the framers of the accusation 
have in mind. And even so, I might offer in extenuation the experi¬ 
mental work upon attention. But this apart, I think that experi¬ 
mental psychology is justified in its choice of topics. The only way 
to catch the higher intellectual processes in course of formation is to 
work from the periphery, by way of the sense-organs. It is when we 
are working with tones, or with lifted weights, that the amazing 
diversity and complexity of judgment becomes apparent. If, on 
the contrary, we take any one of these higher processes full-formed, 
and attack it directly, we are very likely to find that the vehicle of 
the mental function is extremely simple; there is a law of reduction, 
running all through mind, whereby a highly complex formation 
tends to degenerate, to reduce to a stereotyped simplicity. It is, to 
my mind, a distinct merit of experimental psychology that it has 
brought to light this meagerness of content in the examination of 
“higher” mental functions of an habitual order; and it is a healthy 
instinct that sends us back and back again to the channels of sense, 
as we seek an appreciation of the fullness and richness of the mental 
life. I may add, though I say this a little hesitatingly, as a merely 
personal impression, that the introspective attitude of the observer 
seems to me to be more nearly normal, less artificial, in cases where 
the avowed object of experimentation is comparatively simple. 
If you are asked overtly to grapple with a complex psychosis, you 
are likely to brace yourself to the task, to put on an armor of pre¬ 
conceived opinion; if the psychosis meets you unawares, finds you 
off guard, the facts will huve their own way with you. A distinguished 
English psychologist once declared that it is futile to attempt the 
problems of recognition by way of rotating disks of black and 
white sectors. I should say, on the contrary, that these disks are. 
in principle, the very best means to an understanding of the higher 
intellectual formations. 

As for the ultimate goal of experimental endeavor, I suppose 
that we may call it (10) the problem of consciousness. — not in the 
sense in which that problem is understood by the theorist of know¬ 
ledge, but in this sense: that, as hitherto we have analyzed and 
traced to their conditions certain mental processes of lesser or higher 
degrees of complication, so now we analyze and trace to their con¬ 
ditions total consciousnesses, given in varying states and constituted 
of various formations. The difficulty of this problem is enormous. 
Only those of you who have attempted it, in one case or other, for 
yourselves, who have discarded classificatory terms, and faced the 
living facts; only these, even of experimental psychologists by 
profession and training, can form any proper idea of its difficulty. 
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It is a problem for which we are not yet ripe. We can approach it 
only by way of theories which we know to be inadequate, and by 
help of hypotheses which we cannot substantiate by facts. But it 
is the problem towards which we are trending, and the road to its 
solution lies, as in my judgment all such roads in our science lie, 
not through brilliant suggestion and ingenious forecast, but through 
patient and steady work. This work must be in part the work of 
experimental psychology, as we are here interpreting that phrase; 
in part the work of what is called individual psychology — though, 
indeed, from perception onwards, the difference between these two 
departments of psychological investigation is simply a difference of 
accent. Or, to put the matter concretely, we must work not only 
with the doctrine of states of consciousness, comparing experi¬ 
mentally the attentive and the inattentive, the hypnotic and the 
dreaming, all sorts of normal and abnormal states of consciousness, 
but also with the doctrine of conscious types which we owe (and 
the debt is great) to the psychologists of individual variation. 


So I finish the first part of my review. If I have omitted anything 
of consequence, or if I have seemed to do injustice to any depart¬ 
ment of work, I must ask for pardon and correction; I have spoken 
with the utmost possible brevity. My own habitual thought in 
experimental psychology is positive, not negative; that is, I am 
accustomed to look upon our problems rather as continuations of 
work already begun than as gaps and lacuna? in our system of 
knowledge. I could wish that it had fallen to my lot to address you 
in this positive way, to show what experimental psychology Inis 
done, how in the past few decades it has changed the face of system¬ 
atic psychology, rather than to insist upon the tasks that still lie 
before it. I have, however, tried to be entirely honest; I have, I think 
rather exaggerated than concealed our deficiencies; and I would 
have you remember that this definite formula!,on of thmgs to do 
presupposes and implies that much has been done. When W undt 
wrote his famous essay, UeUr die AufgaUn dcr « P crma,tel/c« 
Psychologic, the problems that loomed before him were the psycho¬ 
physics of sensation, the analysis of percept,on. the ^me-re'at.ons 
of the higher processes. To-day. the list ,s longer and the range 
wider. But it is only because we already possess that we can say, 
in such detail, what still needs to be added to our possess,ons: ,n 

which fact let us take encouragement. 

I pass, with some diffidence, to a consideration of w.der issues, 
-of those extensions of the experimental method, Proposed or 
attempted, of which I spoke at the beginning of this address. Most 
psychologists, I take it, would agree that the picture I have drawn 
of experimental psychology in what has preceded ,s drawn too 
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narrowly. The title of psychologist is, indeed, given at the present 
day to two distinct types of scholar. On the one hand, we have the 
psychologist as I have represented him: a man keenly interested 
in mind, with no purpose beyond mind; a man enamored of intro¬ 
spection; a man to whom the most fascinating thing in the universe 
is the human consciousness; a man to whom successful analysis of 
an unresolved mental complex is as the discovery of a new genus 
to the zoologist or a new river to the explorer; a man who lives in 
direct companionship with his mental processes as the naturalist 
lives with the creatures that are ordinarily shunned or ignored; a 
man to whom the facts and laws of mind are, if I may so put it, the 
most real things that the world can show. On the other hand, we 
have men to whom mind appeals either as a datum or problem, or 
both, to be dealt with by philosophy, by theory of knowledge and 
theory of being; or as a natural phenomenon, something that must 
be taken account of whenever life is taken account of, in evolutionary 
biology, in anthropology, in medicine, and where not. Of the 
psychologists of this second order, the philosophers, you will say, do 
not concern us. Yet they do, somewhat. I suppose that all sciences 

— certainly, all young sciences — are liable to be told by well- 
wishers that they have mistaken their work; that they would 
advance more quickly, and more solidly, if they would put off their 
present business, and settle down to this or that suggested problem. 
At any rate, experimental psychology has always received such 
hortation from friendly philosophers. If, now, I have ignored this 
advice, it is not from lack of gratitude, but simply because, after 
consideration, I have come to believe that experimental psychology 
knows what she is about, and can walk without assistance. Out¬ 
siders, we are told, see most of the game. I venture to urge that the 
insider better knows how the game is to be played. 

We are left with the two opposed types: what shall I term them? 

— the inner and the outer, the subjective and the objective, the 
narrower and the broader. What, then, of the outer, wider, object¬ 
ive problems of experimental psychology? 

Let us be clear, first of all, — the matter admits of no hesitation 
or compromise, — that the experimental psychology of the normal, 
adult, human mind must take the form that I have described,—the 
form of introspective analysis. I have little sympathy or patience 
with those experimentalists who would build up an experimental 
psychology out of psycho-physics and logic; who throw stimuli into 
the organism, take reactions out, and then, from some change in 
the nature of the reactions, infer the fact of a change in conscious¬ 
ness. Why in the world should one argue and infer, when con- 
sciov v.css itself is there, always there, waiting to be interrogated? 
This is but a penny-in-the-slot sort of science. Compared with intro- 



PROBLEMS OF EXPERIMENTAL PSYCHOLOGY 687 


spective psychology, it is quick, it is easy, it is often showy. We 
have been a little bit corrupted by the early interest in psycho¬ 
physics; or perhaps, more truly, we have not all learned instinctively 
to distinguish between psycho-physics and psychology proper; and 
so we are apt to take the tables and curves of reactions for psycho¬ 
logical results, and the inferences from them for psychological laws. 
Now the results, where they are not purely physiological or anthro- 
pometrical, are psycho-physical results. As such, they have their 
usefulness; and the psychological laboratory is their right place of 
origin. But there is no reason why one should gain psychological 
credit for them —still less for erecting a speculative psychology 
upon their foundation. This mode of psychologizing is inherently 
as vicious as any of the constructive modes of the older psychology, 
the psychology before experiment. Historically, it has proved dis¬ 
astrous; 1 it falsifies problems and obscures real issues; we must set 
our faces against it now and for all time. How, indeed, shall one call 
a man a psychologist who deliberately turns his back upon the one 
psychological method, in the one field to which that method directly 
applies? There is no excuse, in psychology, for the neglect of in¬ 
trospection, save the one — and that must be demonstrated — that 


introspection is impossible. 

Having said this much by way of preface, I may take up the 
further question. We can hardly open a magazine nowadays without 
finding applications of the experimental method beyond the limits 
of the normal, adult, human mind. In animal psychology, in child 
psychology, in various departments of mental pathology, the experi¬ 
mental method is employed. Even the conservative Sludien con¬ 
tains articles on the state of sleep and dreaming, and Wundt has 
looked more favorably upon experiments under hypnosis, since they 
promise to confirm his theory of feeling. Experiments on children 
and animals have for some years past occupied the attention of 
leading American psychologists; work on child psychology , char¬ 
acteristic of the Annie psychologique, and is bemg published more 
and more freely by the ZeUschri/t; you all know he avowed pur- 
pose of Kraepelin’s Arbaten. I need not multiply reference ■ 
Wherever psychological interest has gone, in these fields, the expen- 
mental method has gone with it. Sometimes the particular expen- 
ment is borrowed forthright from the normal prac ,ce of the labora¬ 
tory, sometimes the procedure has been recast to suit the novel 
problem; sometimes the experimental method is taken senously 
employed with care and knowledge, sometimes it js thrown n as 
a makeweight, without responsibility or understanding; sometimes 


• la proof needed? Thinkof XftSZX? 
upon tne simple reaction, upon the lunweioc, 
discussion of Weber's and Merkel's laws! 



688 


EXPERIMENTAL PSYCHOLOGY 


it is praised, sometimes decried. Ail this is natural. The important 
thing for us is, I think, the recognition that the experiments are 
a part of “ experimental psychology," in the sense of this paper, and 
must be taken account of in any general review of the problems of 
experimental psychology. The .psychologist of the laboratory is 
apt to emphasize the crudity and roughness of the work, and its 
neglect of introspective control; the psychologist of the clinic or 
the school-room or the animal-room is apt to consider his colleague 
narrow and his colleague's work finical and meticulous. The tran¬ 
scending of this difference, the reconciliation of these views, I take 
to be a very real problem for experimental psychology, — though 
a problem of a different order from those that I have been discussing. 
And I suggest the following points for your consideration. First, 
that one cannot be too nice or too careful in experimenting on mind. 
There is no such thing as over-refinement of method. 1 Let those who 
doubt this fact read Martin and Muller’s Unierschicdsempfindlichkeit ; 
the more delicately one analyzes, the more subtle does mental pro¬ 
cess reveal itself to be. Galton’s questionary results on visualization 
are psychology, and valuable psychology; but they are also pioneer 
psychology. Now, the pioneer may pride himself on his work, but 
not on the roughness of his work. When the laboratory psychologist 
smiles at the charcoal sketches of objective experiment — well, he 
does wrong to smile, because honest work should not be laughed at; 
but he is right in his conviction that the details are all to come, and 
that the simplification of the lines means over-hasty generalization. 
Mind is, so to say, our common enemy; and the laboratory psycho¬ 
logist learns, by dearly bought experience, not to underestimate his 
opponent. Secondly, I would remind you that, after all, objective 
work in psychology must always be inferential; introspection gives 
the pattern, sets the standard, of analysis and explanation. If we 
interpret the animal mind by the law of parsimony, our only justi¬ 
fication is that introspection discovers the reign of this law in the 
human consciousness; if we subsume the evolution of mind in the 
animal series to the principle of natural selection, our only justi¬ 
fication is, again, that introspection discovers the working of this 
same principle in our own case. As I put it just now, there is but 
one excuse for the neglect of introspection in psychology, and that 
is that introspection is impossible; but even here our neglect is 
methodical only, and does not — must not — extend to interpreta¬ 
tion. These things have been said so often 2 that they have become 


1 A method may bo too refined for the man who is using it. or for the problem 
*• j* n w,l| ch ! "‘ « immediately engaged. But these are different matters 

In saving them, from the “ narrower” point of view. I am. of course hoping 

mon!'“! (at , T y ? t< \v, r y ar j ed a, . , ' i , co aml information} from the 

mor objective psychologists U lint they will have to tell their colleagues of 

J I| f ; *ry. I do not know; but 1 have no doubt that it will be worth listen- 
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commonplaces; but even a commonplace may be true — and it 
makes a difference, too, whether the truth be urged with polemical 
or with friendly intent. I should like to see more cooperation be¬ 
tween the alienist, or the student of comparative psychology, and 
the laboratory psychologist; quite apart from practical results, 
such cooperation would be of great advantage to the psychological 
system. We can hardly hope — this point should be borne in mind — 
that the two interests, the objective and the subjective, will be 
combined in the same person. When one has once stepped inside 
the ring of the normal, adult consciousness, there is very little 
temptation to step out again; the problems that I listed a little 
while ago are enough to occupy several generations of workers, and 
the fascination of the work is like the fascination of the mountains 
or the sea. And if one begins from the outside, with the child or the 
animal or the abnormal mind, there is little likelihood that one can 
breathe the confining air of the laboratory, or that one will pre¬ 
sently limit one’s range of interests to one’s self. Partly it is a mat¬ 
ter of temperament, partly a matter of chance introduction or of 
continued occupation. The two types of psychologist are distinct: all 
the more reason that they should work in harmonious cooperation. 


I hope that, in this latter portion of my address, I have not 
traveled too far out of the record. Some men have problems thrust 
upon them. And, after all, if what I have said contributes ever so 
little to the furtherance of mutual aid and the increase of mutual 
esteem, as between psychologists of different camps, I may hope 
for forgiveness, even though I have exceeded the letter of my in¬ 
structions. Now let me briefly summarize what 1 have said. I began, 
you will remember, by pointing out that, above and apart from the 
many special problems of experimental psychology, there lies the 
great problem of self-definition, of the range and scope of the experi¬ 
mental method in psychology. Then, under the headings of psycho¬ 
logy proper and of psycho-physics, I called your attention to a 
series of laboratory problems that, more or less insistently, more 
or less immediately, call for solution. Whatever else ex per, men a 
psychology may be, I said, these issues are issues of experimental 
psychology. Incidentally. I deprecated any departure at the 
bidding of philosophy, from the straight path of psychological 
investigation; and I deprecated also that neglect of introspective 
control in psychology which has been the besetting sin of many 
whose direct interest lies in psycho-physics. I then went on to 
include in experimental psychology the more objective applications 
of the experimental method in child psychology, in animal psycho¬ 
logy, in abnormal psychology. It was not my province to detail 
the special questions in these fields; they form the topic of other 
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addresses in other sections. But I should regard as incomplete 
any review of the problems of experimental psychology which 
omitted reference to them. Their consideration helps us to attack 
that first problem of definition, clarifies our method, and furnishes 
an opportunity for the give-and-take of criticism and encourage¬ 
ment. We cannot afford to misunderstand one another, as we can¬ 
not afford to waste our time on unreal and constructive problems. 
The work presses; the rule of work is definite and unmistakable; 
there is room in the workshop for all sorts and conditions of men. 
I do not think that the outlook of any science could be more hopeful; 
I do not think that we need fear a lessening of that quiet enthusiasm 
which, from the first, in the beginner as in the mature student, 
has been the salient characteristic of the experimental psychologist. 
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Speakers: Principal C. Lloyd Morgan, University College, Bristol. 
Professor Mart Whiton Calkins, Wellesley College. 

Secretary: Dr. R. M. Yerkes. Harvard University. 


The Chairman of the Section of Comparative and Genetic Psych¬ 
ology was Professor Edmund Clark Sanford, of Clark University. 
In opening the Section the Chairman stated that the field of the 
Section was indeed no narrow one. 

“ We have nothing less than the full breadth of existing mental 
phenomena from man to micro-organisms, and the whole history 
of them onward from their first beginnings in the universe and 
in the individual. This immensity is, for the most part, obscure 
enough, but light has begun to dawn at two adjacent spots: in 
the study of mind in animals, and of the growth of it in the human 
child; and these areas have already overlapped a little in the study 
of animal infants. 

“Progress at the first of these points has been, until yesterday, 
one might almost say, of all things the slowest. From the begin¬ 
ning of time there has extended in an almost unbroken stretch 
what may in all literalness be called a mythic period, a period 
when animal psychology consisted for most people in simply im¬ 
agining, with a variable discount, how they themselves would 
think and feel if they were in the animals’ place, and, for certain 
philosophers, in the opinion that animals were pure automata. 
Though this mythic period has not passed even yet for many who 
busy themselves with the doings of animals, but remains as a 
survival, another day has dawned, a day of experiments and co¬ 
operating workers, a day of science in earnest. And the progress 
at the second focus had been by no means rapid till the gem us of 
Preyer made clear how one might study children scientifically, 
and proved that it could be done, by doing it. Since then it has 
spread in proportion to its natural fascination and importance. 

“To the interrelations of these focal points of knowledge with 
other sciences, and to the problems which lie adjacent to them, we 
are, according to the plans of the General Committee, to give our 
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chief attention. By the happy choice of that committee we shall 
be addressed upon a subject suggested by the first of these topics 
by Principal C. Lloyd Morgan of University College, Bristol, the 
psychologist of the animal mind for all of English tongue. On the 
other topic we shall listen to Professor Mary Whiton Calkins of 
Wellesley College, whose demonstrated balance of judgment and 
critical insight amply justify her selection to outline present pro¬ 
blems, while in her own person she represents for us the source 
from which in the end we shall probably get our fullest and most 
reliable data of human psychogenesis, — the sympathetic and yet 
scientifically faithful observations of sisters, aunts, and mothers. 
In those also who have consented to make the briefer addresses 
of the occasion we have those who will speak with authority upon 
the matters with which they deal. 

“ I wish very briefly to point out the importance, as it seems to 
me, of still another plot within, or closely adjacent to, our general 
field, which ought well to repay cultivation. I refer to the study of 
the mentally deficient — not at all from a pathological point of view, 
but from that of comparative and genetic psychology. 

“ Philanthropy has been interested in such cases now for many 
years, and an enormous literature has accumulated with regard 
to the practical questions of their housing, feeding, care, and edu¬ 
cation, and upon the medical, anatomical, and etiological aspects 
of them as medical cases, but only here and there has an investi¬ 
gator tried to gather something definite with regard to their psych¬ 
ical condition; and in doing so very few have made use of any¬ 
thing like systematic observation or experimentation. There has, 
no doubt, been abundant reason for this, but the time has come, 
I believe, when something more may be undertaken with advan¬ 
tage alike to the special department of applied knowledge upon 
which their care and treatment rests and to psychology in gen¬ 
eral. 

“ Where in the world can we expect to find a better control for 
the stages of human development as we have worked them out 
in normal human children than in these infinitely graded cases of 
arrest, — even if the arrest is not by any means a simple persistent 
status quo ? The normal child is fluid, exposed to, and deflected 
by, a thousand incalculable influences, whereas the defective child 
is by his very defect put into simpler and more permanent and 
more calculable relations. Most mothers would surely resent an 
argument that sought to prove that their babies are now idiotic, 
because they would inevitably turn out to be idiots if they should 
halt in their course of daily development; and the mothers would 
be right; but there is enough resemblance between the conditions 
to make cross-reference illuminating. 
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“ But this is not all. The idiot and the feeble-minded ought to 
offer us the best possible means of getting at that all-important 
framework of later development, — the original stock of innate 
tendencies, emotional, impulsive, reflex, with which the human 
being comes into the world, and into which he fits his earliest 
experiences. Here we should be able to discover the nature and 
characteristics of that “going concern ” in which, in Principal 
Morgan's phrase, every young mind finds itself a partner when it 
first comes to a realization of itself. Complicated and overgrown 
by experience and training these tendencies surely are, even in 
defectives, but not so complicated and not so overgrown as in the 
normal individual. 

Or where, again, could we hope to find a better opportunity to 
study in unsophisticated purity the broad and general expressive 
movements of face and members — the mimetic and other move¬ 
ments in which Wundt sees the foundation of language, and Lipps 
the germ of much of our esthetic comprehension? 

The methods of attack must resemble in a considerable degree 
the simple ones of animal psychology and child-study, — observa¬ 
tion of spontaneous activities and simple experiments. The im¬ 
becile cannot become the subject of any difficult or delicate tests. 
But on the other hand, he can command a few words, and can now 
and then answer a simple question comprehendingly. And here, as 
in all cases where we deal with the human subject, our anthropo¬ 
morphizing tendencies, though still to be kept in restraint, have 
a larger justification in the facts than in the study of animal forms 
far remote from man. It may reasonably be assumed that what 
psychic life an idiot or imbecile may have is more like our own 
psychic life in its simpler expressions than anything else m the 
world, and that, if comparative psychologizing is anywhere ju>n- 


fiable, it is here. ,, . 

Let me not give the impression that I th.nk th.s field could be 

cultivated without difficulty, - that there arc nuggets ly.ng about 
on its surface for any one to pick up, if you tv.ll let me change 
my figure a little. Far from it; the field has been looked over al¬ 
ready; what can be picked up easily has for the most part been 
picked up. It has also difficulties of its own, but not insuperable 
ones. All that I desire now is to point out clearly that ^s .s rca y 
a portion of our field of comparative and genetic psychologj, and 
a promising one, - one that, when we meet in future congresses, 
may possibly have an independent place upon the programme. 



THE RELATIONS OF COMPARATIVE AND GENETIC 
PSYCHOLOGY TO OTHER BRANCHES OF SCIENCE 

BY CONWY LLOYD MORGAN 

[Conwy Lloyd Morgan, Principal of University College, Bristol, England, since 
1887. b. London, February 6,1852. Educated at Royal College of Science (Duke 
of Cornwall scholar, Murchison Medalist. De la Bfiche Medalist and Associate 
in Mining). Lecturer in English and Physical Science, Diocesan College, near 
Capetown, 187S-84; Professor of Geology, University College, Bristol, 1884- 
1901; Professor of Psychology, ibid. 1901. F.R.S. L.L.D (Aberdeen). Author 
of Animal Biology; Animal Life and Intelligence; Introduction to Comparative 
Psychology; Psychology for Teachers; Habit and Instinct; Animal Behaviour.] 

The central purpose of this Congress is the unification of know¬ 
ledge, and the discussion of those general principles and funda¬ 
mental conceptions which underlie the related problems of allied 
sciences. Now comparative and genetic psychology takes its place 
between biology, on the one hand, with its doctrine of variation 
and elimination, with its organic values in terms of survival, and, 
on the other hand, such normative sciences as ethics and esthetics, 
with their doctrines of worth for the ideal life of man. In any case 
the starting-point is in close touch with purely biological reactions, 
and the goal is our systems of knowledge and our ethical concep¬ 
tions. And the fundamental principle underlying and giving unity 
to these departments of study, in their genetic and strictly scientific 
aspect, is evolution. 

It may be well at the outset to state that the province of com¬ 
parative and genetic psychology, as I conceive it, is to investigate 
the nature and mode of development of mental processes, deal¬ 
ing with them in their synthetic rather than their analytic aspect, 
at any rate employing the methods of comparison and analysis 
with a predominantly synthetic aim and in such wise as to enable 
us to reach general principles which may be applied to the eluci¬ 
dation of particular cases. Incidentally it may have occasion to 
classify mental products, to distinguish and group certain modes 
of instinctive behavior, to mark off from each other sundry types 
of association, and so forth; but it only does so in strict subserv¬ 
ience to its central aim and object. That aim is explanatory rather 
than descriptive. Every piece of comparative and genetic work 
should bo so planned as to contribute something to the establish¬ 
ment or the support of the principles of psychology. It should add 
fresh ideas to the ideal construction of the science. Only on these 
terms can we claim, and shall we receive, the cordial recognition of 
those who are working in other fields of psychological research — 
on these terms, and, as a matter of course, on those of constant and 
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faithful appeal to the facts of observation and a rigid adherence to 
the canons of scientific interpretation. If we undertake our work 
in this spirit and with no narrower aim, the whole psychological 
brotherhood will gladly admit that such research is indispensable 
and of lasting value. In any case it should be our aim, in this 
section, to contribute to the basal principles of psychology by em¬ 
ploying comprehensively the comparative method, and by special 
inquiries in the field of development and evolution. 

My own studies, as some of my hearers may know, have lain 
in close relation to certain aspects of biological investigation, and 
I may perhaps assume that I shall be expected to respond to the 
honor done me by the invitation to speak on this occasion, by in¬ 
dicating in broad outlines some of the conclusions to which I have 
been led in so far as they bear upon psychological genesis. If, then, 
I be asked to give expression to one or two of the most salient points 
which strike one who approaches psychology from the biological 
side as of cardinal importance, I should perhaps place first and 
foremost as genetically fundamental the way in which, in the lower 
ranges of mental development and evolution, everything hinges 
on practical behavior and activity. Psychological process is in¬ 
deed a middle term between the results of complex stimuli from 
the environment on the one hand, and the results of complex reac¬ 
tions to that environment on the other hand. But in the earlier 
stages of genetic process this middle term is wholly subservient 
to the practical needs of an eminently active and practical life. 
It does not attain a position of relative independence. It is never 
divorced from its natural outcome in behavior. It does not assume 
that peculiar, and, from the purely biological standpoint, abnormal 
preeminence which it is apt to assume in the treatment of a pre¬ 
dominantly intellectualist psychology of the earlier school founded 
mainly on the mental processes and products of philosophers and 


A second point which comparative and genetic study brings 
out with almost equal clearness is the complexity of the b.olog- 
ical foundations on which the beginnings of the psychology of 
the individual are laid, and the consequent fact that,■ “ 
genesis, the initial data are already grouped wholes and not sporadic 
and isolated sensation-elements. One of the problems winch the 
earlier psychology essayed to solve is by what process of coal¬ 
escence and elaboration isolated sensat.ons could build themselves 
up into the complex wholes of perception and how these could 
relate themselves with the similarly-built complex wholes pre¬ 
sented to consciousness when active movements were carried- out. 
It assumed that the several sensations which may be distinguished 
through the application of a difficult and prolonged process of 
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analysis and abstraction were independent psychological units 
separately given, and sought to render an account of the manner 
in which these mental elements threaded themselves on the strands 
of association. A biological treatment has more and more clearly 
tended to emphasize the fact that the individual organism comes 
into the world as a going concern, the recipient of groups of stimuli 
giving psychological net-results, on the one hand, and capable, 
on the other hand, on purely organic grounds, of complex modes 
of behavior which supply also their net results, the two sets of 
net results coalescing so as to constitute felt unity-wholes. It has 
thus tended to relegate many of the problems of mental onto¬ 
genesis to biology, and has come to regard association itself as in 
large degree dependent on factors which are primarily organic 
and physiological. 

If this be so, the starting-point of genetic study lies in the bor¬ 
derland region where distinctively biological evolution passes up 
into, and is increasingly influenced by, psychological develop¬ 
ment. And for this reason many observers have selected the phe¬ 
nomena of instinct as most likely to throw light upon some of the 
lower phases of psychogenesis. 

From the phylogenetic point of view we are at present, I fear, 
very much in the dark as to the earliest stages in the evolution 
of effective consciousness as capable of exercising, in association 
with its physiological concomitants, guidance in the course of be¬ 
havior. By effective consciousness I mean that which does, in 
some way, control organic activities. The only criterion we have 
of its presence is the observable fact that the organism profits by 
individual experience. It is, I admit, a difficult criterion to apply. 
But 1 confess that I am disposed to regard the introduction of 
consciousness into an ideal scheme of explanation without the 
application of some such criterion — the introduction it would 
sometimes seem of a sort of consciousness which is not a mode of 
experience — as a bit of mythology, which is harmful rather than 
helpful. Of effective consciousness, however, having demonstra¬ 
bly a guiding value, there is no evidence in plants. Dr. Jennings 
finds little or no sign of it in the lower Infusoria; nor can Dr. Yerkes 
find much or any proof of its presence in the Medusa. This is the 
region of tropisms and ehemism and the like. Just when and how 
effective consciousness first comes into play we are, as yet, 
scarcely in a position to determine. Hence the problem has to be 
attacked in the main ontogenetically, by considering the connec¬ 
tion between automatic behavior and that which affords evidence of 
conscious control, in organisms which exhibit both, each in relation 
to the other. 

If there is one feature which is essentially characteristic of the 
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popular conception of the influence of mind in the conduct of 
affairs, it is that effective consciousness is a controlling influence 
standing in some way apart from the organic happenings over 
which its control is exercised. Is this popular conception wholly 
without scientific foundation and erroneous, as some physiologists 
would assure us? Take any simple case of accommodation to cir¬ 
cumstances through a modification of behavior due to pleasurable 
or painful experience in like cases, — let us say the avoidance of 
nauseous insects by young birds,—or any other example of the 
intelligent control of instinctive procedure. Can we conceive how 
the feeling-tone, as the concomitant of nervous processes involved 
in the instinctive procedure as such, could modify the direction of 
the discharge — could either augment or inhibit it. I for one am 
completely incapable of doing so. Reduce what we may suppose 
to take place to the simplest schematic form. A stimulus excites 
a nerve-centre and the excited nerve-centre distributes a response. 
I am utterly unable to see how any conscious concomitant of the 
physiological action of that nerve-centre, per se, can in any way 
influence the response. Something must be added which in some 
way influences the discharge; and this is what we term experience, 
embodied in other nerve-centres, or in parts differentiated from 


the automatic centres. 

It seems to me, therefore, that we are inevitably forced to assume 
that the physiological foundation of conscious guidance is, in 
organisms possessed of a nervous system, a differentiation of control- 
centres from the centres concerned in automatic response; am 
that the ascent of mind is the concomitant of the evolution of a 
differentiated control-system which, during individual life, is cmi- 
stantly playing down upon the system which is concerned ,n mere!) 
organic reflex acts biologically coordinated as mstinrlive pmrim 
It is between these two systems, thus differentiated, that ...ter 

tSfl. conception the —Ur*- Pi*!* «• <“• 
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and brings them into those relationships "hicli we te m psyc 
1-11 r, • rontro ng environment wwen is con- 

logical values. It is this control g hereditary 

stantly influencing the course of procedure 
modes of response of the automatic centres. 

I am well aware that this conception of “ n cnv ‘™" t ^ h ‘ n 
the organism itself runs counter to established usage of the term. 
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It will be said that the word implies those external conditions to 
which the organism as a whole is adapted through heredity or 
accommodated through acquired modifications of structure or 
function. It will be urged that it is this external environment with 
which the control-system is in relation, and that the suggestion 
I put forward involves an unwarrantable departure from all the 
recognized canons of biological interpretation. And yet, having 
all this in view, I venture to put forward the conception in the 
interests of psychological interpretation. There is not time now 
adequately to discuss it, even were this the appropriate occasion; 
only the salient features can be indicated and that very briefly. 
The determining conditions of psychologically-guided or intelligent 
behavior, as distinguished from responses which are purely auto¬ 
matic, are what we sum up under the term experience. It is com¬ 
monly said that this experience is that which stands for, or repre¬ 
sents. or symbolizes the environment. I wish to suggest that it is 
the psychological environment under the influence of which auto¬ 
matic responses and instinctive modes of procedure are modified, 
and that in all cases it includes more than the actual presentations 
of the environment as that term is used by the biologist. It includes 
the meaning which that environment has acquired. A chick that 
has had some acquaintance with the nature of wasps inhibits the in¬ 
stinctive tendency to pick at one when it is presented to sight. That 
and that alone is the presentation of the external environment at 
the moment when inhibition is brought into play. That and that 
alone is not the determining factor in the intelligent avoidance of 
the insect. This controlling factor is the meaning within experience 
which the presentation suggests. It may be said that what is sug¬ 
gested is a potentiality of the external environment. Hut the con¬ 
trolling influence of potentialities is hardly a satisfactory conception. 
What is actually present then and there is the experience, modifying 
the output of automatic response. This is to be regarded, according 
to the suggestion I put forward, as the psychological environment. 
Hut it is physiologically embodied in the control-system which is the 
actually present material environment under which the further 
functioning of the automatic centres is conditioned in intelligent 
behavior. The essential points, then, are these: ( 1 ) Experience, 
in so far as it controls behavior, may be regarded as the environment 
which supplies the conditions of guidance: (2) what the biologist 
terms the environment is a product of experience; (3) for the physi¬ 
ologist, experience must be translated into its neural concomitants 
r. the control-system; (4) hence, if, psychologically, experience 
rr.ay be regarded as a conditioning environment, then, physiolog¬ 
ically, the control-system, as its organic embodiment, may be so 
regarded. 
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Now there are diversities of opinion as to the range which should 
be included under a definition of instinct as contrasted with intel¬ 
ligence, and there are diversities of opinion as to the relations of the 
one to the other in genetic process, especially as to how far the 
modifications of behavior produced through the exercise of environ¬ 
ing intelligence are directly inherited as variations of instinctive 
endowment. I do not propose to discuss the pros and cons of that 
difficult subject the inheritance of acquired characters. It suffices 
to say that in accordance with an hypothesis, in the development of 
which I am proud to be associated with Prof. Mark Baldwin and 
Prof. Henry F. Osborn, intelligent modification of behavior, if it be 
not the mother of congenital variations of hereditary instinct, may 
none the less be regarded as their fostering nurse. 

This is not the occasion, however, on which to discuss diversities 
of opinion or indeed to enter, in any detail, into the more distinct¬ 
ively biological aspect of the study of instinct. From our point of 
view the essential feature of instinctive procedure lies in the fact 
that the behavior thus characterized is on its initial occurrence 
prior to and independent of individual experience. It wholly de¬ 
pends, as such, upon how the automatic centres have been built 
through heredity. And from the standpoint of genetic psychology 
it appears to me that the really important contribution which the 
study of instinct offers for our consideration is this: that in any 
given case of hereditary behavior what we may term an instinctive 
situation is presented to consciousness, as, ontogcnctically, a primary 
unit-complex of experience, and that, as such, it is developed inde¬ 
pendently of any guidance in terms of experience. By the situation 
as presented to the environing consciousness I understand the whole 
of the initial stimulation, including both external and internal fac¬ 
tors, the net results of the behavior as the situation develops, and 
the satisfaction or dissatisfaction which is attached thereto. We, 
as psychologists, analyze the instinctive situation. But I conceive 
that it is presented to consciousness as one developing whole. And 
the mode of its development is an organic legacy; it is essentially 
a flow of physiological process in the automatic centres; but it 
entails a flow of consciousness in the environing control-centres; 
and this flow of consciousness in its entirety, within a given situa¬ 
tion, I am disposed to regard as a primary datum in ontogenetic 
development. 

This thesis, which I purposely express in a somewhat extreme 
form for the sake of emphasis, involves a protest, I do not say against 
a too analytic treatment of the early phases of mental process (for 
it is our function to analyze and compare), but against the assump¬ 
tion that the products of our analysis are, psychologically con¬ 
sidered, genetic units. We sometimes fail to realize to how great 
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an extent we are apt to become the slaves of the disintegrating 
tendencies of scientific procedure. Because we can break up a situ¬ 
ation into what we call its constituent elements, we think that they 
are separately felt elements in the primary experience. I do not 
think that this is the case. I regard it as much more probable that 
the developing situation is collectively felt as it is unfolded; and 
that complex wholes, biologically integrated, rather than consti¬ 
tuent elements, analytically disintegrated, are for ontogenetic 
treatment the primary data. 

On this view, then, instinctive procedure presents to the en¬ 
vironing consciousness, embodied in the control-system, ready-made 
situations. And, on the subsequent occurrence of like situations, 
under substantially similar circumstances, these are dealt with in 
accordance with the meaning which their predecessors had acquired. 

One cannot, however, too strongly emphasize the fact that, in 
passing from biological responses and reactions, to conscious be¬ 
havior founded on experience, we introduce a wholly new order of 
values — values not in terms of organic survival but in terms of 
feeling-tone. The two sets of values are so often and, of necessity, 
so predominantly consonant — their interrelations are so many and 
iS0 c l ose _that we are apt to forget that they are radically distinct. 
Physiology, as such, knows nothing whatever of that order of 
pleasure-pain values, which for us, as psychologists, are essential. 
They form no part of the ideal construction of physiology: they 
are dominant factors in the ideal construction of psychology. 

And it is here, just where the strictly biological and the distinctly 
psychological factors begin to interact, that the difficulties of analy¬ 
sis make themselves felt. I have distinguished between the auto¬ 
matic system, the functioning of which is determined entirely by 
biological values in terms of survival; and the control-system, the 
functioning of which in its psychological aspect is determined 
entirely by a different order of values in terms of feeling-tone. The 
outcome of the one is instinctive behavior; the outcome of the 
other is intelligent behavior. But both are dependent on heredity. 
And it is therefore, I think, essential to distinguish, in our ideal 
must ruction, between two orders of heredity: first, that which 
obtains within the automatic system and which thus determines 
l he nature of the hereditary responses; secondly, that which obtains 
within the control-system and which thus determines the nature of 
the hereditary likes and dislikes. For analysis these are independent 
each within its appropriate sphere; but they are developed within 
the same organism in close synthetic relationship. 

At the outset of ontogenetic development instinctive and auto¬ 
matic responses are due to the purely biological order of heredity; 
L . their results are reflected in the conscious environment and 
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therein are subject to the psychological order of heredity, so that 
the controlling influence of the environment is determined by 
feeling-tone and values for conscious experience. If then we speak 
of the development of a situation in conformity with the satisfaction 
it affords, as in accordance with the psychological end, and its 
development in conformity with the preservation and conservation 
of the race as in accordance with the biological end, the salient 
fact is that the two ends are consonant. This has, of course, been 
fully recognized by evolutionists from Herbert Spencer onwards. 
I will not here lay stress upon the noteworthy fact, which has not, 
I think, been sufficiently recognized by the Lamarckian school of 
evolutionists, that this consonance of biological and psychological 
end, is admitted to be the outcome of the survival of those in which 
the consonance obtained, and the elimination of those in which it 
was absent — that is to say is admitted to be dependent on natural 
selection. I would rather lay stress upon the fact that this con¬ 
sonance affords a striking link of continuity between the more dis¬ 
tinctively biological and the more distinctively psychological factors 
of the genetic process. 

The relation between the two has been well brought out in Pro¬ 
fessor Groos’s discussion of the so-called play of animals. Indeed 
such play admirably illustrates the twofold influence of heredity; 
for on the one hand, it is founded on unquestionably instinctive 
modes of behavior; and on the other hand, it not less obviously 
appeals to an innate sense of satisfaction. Why do animals begin 
to play and keep on playing? From the psychological point of view 
because they like it: from the biological point of view because they 
thus gain practice and preparation for the serious business of their 
after-life. But why do they like it? Because under natural selection, 
those who did not like it, and therefore did not undergo the pre¬ 
paratory training and discipline of play, proved unfit for life’s 
sterner struggle, and have been therefore eliminated. I have con¬ 
tended that inherited modes of behavior present to consciousness 
ready-made situations which develop automatically on biological 
lines, and that the rdle of environing intelligence is to lead to modi¬ 
fications in their redevelopment in accordance with their psycho¬ 
logical values. I have also called to remembrance the fact that in 
the animal world, under normal conditions, these psychological 
values with their appeal to feeling are consonant with biological 
values in terms of survival. Throughout the course of mental de¬ 
velopment, in the perceptual sphere, there is a constant interaction 
between the two factors broadly classed under the heads, “instinct 
and “intelligence." And it is the province of detailed study to assess 
at their true value the r61es played by these two factors in the par¬ 
ticular cases which fall under consideration. A biological survey 
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of the field discloses the fact that when the conditions of life are 
constant and uniform, the instinctive factor, subject to organic 
selection, predominates, and complex groups and trains of reflexes 
assume a stereotyped form. This is due to what we may term 
a biological coalescence of unit-situations into a coordinated whole. 
What we call the instinctive behavior of many of the insects, for 
example, seems to be the inherited grouping in biological sequence 
of inherited units of response. But in relation to more varied cir¬ 
cumstances the intelligent factor predominates. The hereditary 
unit-situations may not be fewer, may indeed be more numerous. 
But the manner of their coalescence and coordination is rather 
psychological than biological. The higher animals exhibit an intelli¬ 
gent plasticity which enables them to meet the requirements of 
the more complex surroundings into which their life has risen, and 
which is reflected or symbolized by the psychological environment. 
Here a stereotyped coordination of the hereditary units of behavior 
would be rather a hindrance than an advantage. The winning animal 
in life’s struggle would be the one in which behavior was most 
rapidly and most surely modified to meet particular needs — the 
one in which the teachings of experience were most promptly used 
in effective action. The inevitable tendency of the evolution of intelli¬ 
gence must be the disintegration of stereotyped modes of behavior 
as biologically coordinated wholes and the dissolution of instinctive 
complexes into relatively independent instinct-units which would be 
thus free to coalesce into new groups under the guidance of experi¬ 
ence. Thus it is that in the more highly developed animals and in 
the human subject the instinctive units assume rather the form of 
a number of congenital tendencies or propensities than of instinct¬ 
ively coordinated wholes of behavior, the former being less stereo¬ 
typed than the latter. And thus it is that in them there is a shorter 
or longer period of inefficiency during which the inherited unit- 
situations arc coordinated psychologically in new groups under the 
influence of individual experience as a shaping environment. 

Throughout the whole range of perceptual development under 
these conditions there is progressive integration and differentia¬ 
tion of the unit-situations, always on essentially practical lines, 
always in closest touch with active behavior. Even perception 
itself, as genetic psychology has helped us more fully to realize, 
is dependent on acquired habits of action. Perceptual meaning 
and value are ever dependent on some activity directed toward 
that which is so perceived. All differentiations within the pre¬ 
sented situations are due to the call for some directed behavior, are 
due to the demand for some focusing of active manipulation. 
Thus is the mouse differentiated for the practical interests of the 
kitten. And all integration of diverse situations is due to their 
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assimilation in terms of like modes of behavior in dealing with 
them, in terms of the similar responses which they evoke. Thus 
there is an integration of the situations of so-called play and earn¬ 
est. But in perceptual process, far as differentiation may be 
carried, it never reaches the stage of intentional analysis; and, 
far as integration through assimilation may be carried, it never 
reaches the level of intentional generalization. These are the re¬ 
sults of ideational process. 

It will be noticed that I here lay marked stress on the distinc¬ 
tion between perceptual and ideational process. I said at the out¬ 
set that comparative and genetic psychology takes its place be¬ 
tween biology on the one hand, with its doctrine of values for or¬ 
ganic survival, and, on the other hand, such normative sciences 
as ethics and esthetics, with their doctrines of worth for the ideal 
life of man. It appears to me that in the relation of biology to 
psychology the essential point is to grasp the analytic distinction 
between the instinctive and intelligent factors, and I have there¬ 
fore so far mainly dealt with this distinction. But it also appears 
to me that in the relations of psychology to normative science, 
the equally essential point is to grasp the distinction between per¬ 
ceptual and ideational process. In the study of the higher ranges 
of animal psychology and of child-life this distinction has scarcely 


yet received adequate emphasis. 

The study of the mental processes of the higher animals has 
of late years passed into a new phase. In the first place, it is now 
realized that, so far from being easy, it is full of peculiar diffi¬ 
culties and beset with special snares which entrap the unwary 
interpreter. In the second place, it is generally admitted that 
adequate training is required to enable an observer, no matter how 
accurate and faithful his record of facts may be, to diagnose m- 
ferentially the psychological conditions of which the facts them- 
selves are significant. And in the third place, it » recognised Uta 
far more is to be gained by the systematic study of the P 
animals under controlled conditions and in test cases, than by 
the casual observations of credible but often. uncritical * tno» 
The new phase of the study of animal intelligence is thus char¬ 
actered by experimental research in the hands cf < - who.are 
trained psychologists, and who are fully aware of the difficulty 
and delicacy of the task which they undertake. 

We must remember that in the early days of Darwinism, the 
first business of those who sought to place the conception of men¬ 
tal evolution on a secure basis was to establish the basal p me pie 
of continuity in the scries of mental products; to show that in 
animals are to be found the germs of all the higher endowments 
of man; and to abolish all such radical distinctions m kind as were 



706 COMPARATIVE AND GENETIC PSYCHOLOGY 

then held to form an impassable gulf between the brute beasts 
and man with his spiritual capacities. This tendency, which was 
inevitable as a stage in the progress of thought, led to the utmost 
widening of the limits within which psychological terms, such as 
“inference,” “abstraction,” 14 generalization/*and “reasoning” were 
used; the extension being designed so as to render these terms as 
comprehensive as possible and to enable them to cover not only 
fully differentiated processes but the earlier — even the embryonic 
— stages of their development. But when the conception of evo¬ 
lution had won its way to acceptance, when the principle of con¬ 
tinuity had taken its place as part of the recognized scheme of 
scientific interpretation, the emphasis of thought changed from 
the evolutional curve as a whole, now freely and fully accepted 
as continuous, to the differentiated stages which could analytically 
be distinguished therein. They were applied again in more re¬ 
stricted senses; the restriction being designed to render them 
distinctively applicable to certain higher phases of differentiation 
within an admittedly continuous process. 

In any case it is necessary to bear in mind the fact (of which 
I have suggested the probable cause) that the same terms are 
applied by different authors with wide differences of limitation — 
by some in a more extended and by others in a more restricted 
sense. From this it follows that some at least of the divergences 
of interpretation in the comparative psychology of animals are 
more apparent than real. 

The influence of the terms we employ, closely connected as it is 
with our early training, is often deep and abiding. It has been 
a special merit of Dr. Stout’s treatment of psychological topics that 
he has emphasized, so clearly and in so many ways, the funda¬ 
mental distinction, as I conceive it to be, between perceptual and 
ideational process. As he himself has pointed out, one of the great 
difficulties in the way of its general acceptance, is due to the fact 
that the existing terminology grew up at a time previous to any 
serious attempt to render clear the distinction. Some of my hearers 
may remember the almost pathetic words in which Dr. Stout la¬ 
ments the misleading influence of the terms we are at present almost 
forced to employ. If I may be allowed slightly to modify his state¬ 
ment without, as I believe, introducing anything foreign to his 
thought, his contention is that “human language is especially 
constructed to describe the mental processes of human beings [in 
ideational terms], and this means that it is especially constructed 
so as to mislead us when we attempt to describe the workings of 
minds which differ in any great degree from the human,” and even 
ihe workings of our own minds on the perceptual plane. “A horse, 
having had a feed at a certain place one day, stops of his own accord 
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at that place on a second journey. People say that it remembers 
being fed here before, and infers that it will be fed here again. In 
all probability these words with their human implications [on the 
ideational plane] are quite misleading. Suppose that the master 
of the horse is a bibulous person, who takes a drink as a matter of 
course whenever he comes to a public-house on the road. In order 
to do this he need not go through the process of remembering that 
he has had a drink at a public-house before, or of inferring that he 
can have a drink at a public-house again. He simply has a bias to 
stop at a public-house whenever he comes to one. Probably the horse’s 
act implies just as little of remembering or inferring.” 

It will be noticed that the difficulty which Dr. Stout indicates, 
does not apply only to the mental processes of the horse, but also 
to some at least of those which are characteristic of his bibulous 
master. No doubt, taking men and women as we find them, there 
is the closest interaction between ideational and perceptual pro¬ 
cess, just as there is between instinctive and intelligent procedure. 
But there is, I conceive, an analogous relation. Just as the instinct¬ 
ive factor provides data which intelligence deals with so as to 
shape it to more adaptive ends, so does the perceptual factor provide 
the more complex data which, through ideational process, are 
raised to a yet higher level in rational conduct. And in both cases 
notwithstanding, nay largely in consequence of, the closeness of 
the interaction, it is the business of analysis to distinguish with the 
utmost clearness the essential features of the constituent factors. 

I take it that the leading characteristic of perceptual process 
is the dealing with situations as wholes in their unanalyzed en¬ 
tirety. When the integration of which I have spoken has been 
carried far, any relatively new situation is assimilated to the past 
experience gained in similar situations wherein certain salient 
features have been differentiated through their intimate relation 
to practical activities. The associations thus begotten arc not 
associations between separate ideas, but in every case essentially 
between the situation and the practical behavior it calls forth. L\en 
this expression savors too much of analysis. Let us rather say 
that the type of association distinctive of perceptual process is 
that between an early phase of a situation and the succeeding 
phase, so that what is suggested in any given case is a mode of 
development of the situation as a whole through practical behavior. 
That is the essential feature of the doctrine of meaning m percept¬ 
ual process. It is meaning in terms of a specific development of . 
the situation as a whole; it is meaning closely bound up with a felt 
impulse to act in a certain way; it is the meaning which attaches 
to the public-house as the result of practical experience on the part 
of the horse and of his bibulous master. 
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Now, it appears to me that recent researches all point to the 
fact that the mental processes of animals are mainly — I do not 
say entirely, though I myself still incline to that opinion — but 
at all events mainly, on the perceptual plane. They tend to show 
that animals, even the monkeys, deal with situations as complex 
unity-wholes. The method of learning is chiefly dependent on 
practical behavior which, carried out with varied and persistent 
— often restless — activity, leads the animal unsystematically 
to stumble on new associations between such behavior and the 
situation within which it arises. But it also appears to me that a 
very large proportion of human process is predominantly upon 
the perceptual plane. I say “predominantly” because even this 
section of human activity is inevitably influenced by the idea¬ 
tional section which is superinduced thereon. And there is, I re¬ 
peat, no little difficulty in determining its range, as perceptual, just 
because our psychological language almost necessarily leads us to 
describe it in ideational terms — the terms begotten of comparison, 
analysis, and synthesis. 

It is through such steps, and such steps alone, that, upon the 
basis of perceptual experience, systems of knowledge can be built. 
This is the product of ideational process. It involves an ideal or 
schematic construction. And when situations are viewed from the 
standpoint of a system of knowledge their salient features have 
not only meaning for practical behavior, but also significance in 
relation to that system. They are appcrceived as particular ex¬ 
amples which illustrate some general scheme or principle. They 
are subject to the influence of a new environment. And it is here 
that psychology comes into touch with normative science. No 
doubt, normative science, as its name implies, deals with stand¬ 
ards of reference — in ethics, for example, with standards of 
“ought.” But this is only an implication of the fact that the par¬ 
ticular act is viewed in its relation to an ethical scheme of conduct. 
Impulses arise within the situations as they occur and as they are 
dealt with in and for themselves. But motives, as the term is used 
in ethics, imply the relations between these several situations and 
a system of ideals. Only on the ideational plane do there emerge 
considerations looming up beyond the situations into a prudential, 
moral, or other scheme; behavior is thus raised to the level of con¬ 
duct; and a situation is developed, not only in accordance with the 
impulse-value arising therein, but in accordance also, and in greater 
degree, with the motive-worth for a system. 

One of the characteristics of ideational, as contrasted with per¬ 
ceptual reference, is, that, whereas in the latter the salient feature 
<»f the situation is always the centre of development, in the former 
‘ :e comparison is with independent centres, or an independent 
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scheme, to which many situations may be referred. This may be 
illustrated by the different attitude of the two types of process 
to relationships in the surrounding world. For perceptual process 
these relationships are not disentangled in analysis from the com¬ 
plex within which they are imbedded, nor are they synthetically 
rebuilt into new unity-wholes; but they are none the less contrib¬ 
utory, within the complex, to practical behavior. Suppose one 
is shown into a strange room and deals with the situation in purely 
perceptual fashion. One assimilates the various impressions in 
terms of past experience. At any given moment some object — 
say the clock on the mantel-shelf — is in the focus of vision. The 
others are grouped around it in the margin of the visual field — 
the picture above, the fireplace below, the bookcase on one side, 
the cabinet on the other. These are the spatial relationships within 
the field for perceptual experience. But in and for the situation 
as such the centre of reference is always the focus of the field. It 
is a constantly shifting centre. As the eyes flit from object to 
object the focal impression changes again and again. And with each 
change the space-relations of other objects, more dimly seen in the 
margin of vision, are rearranged. But always for the situation 
itself, as contrasted with systematic knowledge, the centre of 
reference is the focus of vision (or other mode of perceptual ex¬ 
perience) at the time being. It is an essentially practical centre. 
It means that so much movement of the eyes or hands or body as 
a whole, in this or that direction, will bring this or that impression, 
at present marginal, into the focus. Practically perceptual folk 
constantly tend to deal with a spatial situation in this way. They 
picture how they would act in the midst of it. Ask a farmer’s lad 
whereabouts the church is in his native village. He will probably 
reply that as you leave the Blue Boar public-house (his focal point) 
you must first turn this way, then that way, and then go straight 
down the street till you get there. The distinguishing feature is 
that the spatial relationships which are disentangled in ideational 
process for the purposes of schematic construction and rebuilt in 
a conceptual scheme of three dimensions — a scheme independent 
of, but applicable to, particular situations — are, for experience 
on the perceptual plane, parts of a given complex, having mean¬ 
ing for practical behavior, but as yet no significance for systematic 
thought. They are not subject to the influence of an environment 
of ideational constructions. 

For we are now in a position to extend the conception of con¬ 
scious environment. Intelligence, in the perceptual sphere, em¬ 
bodying the coalescent representation of concrete situations, plays 
the part, as I suggested, of environment to the automatic responses. 
And this undergoes evolution to higher and higher levels in per- 
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ceptual process. But in ideational process there is superimposed 
a further environment, under the influence of which intelligent 
procedure is itself controlled. This higher environment is con¬ 
stituted by systems of knowledge, ideals of conduct, and artistic 
conceptions. Just as intelligence, fulfilling its function of environ¬ 
ment, plays down upon organic procedure, shaping it to more per¬ 
fect adjustment to the circumstances of perceptual life, so does 
reason, as environment, play down upon intelligent procedure, 
molding it to more perfect adjustment to the conditions of idea¬ 
tional life. 

According to this conception, there are superimposed upon the 
pleasure-pain values in terms of feeling-tone, yet higher motive 
values of a new order in terms of logical, ethical, or esthetic worth. 
And if we attempt to translate this into physiological terms, not 
only is there a differentiation of a control-system from the auto¬ 
matic nerve-centres, there should also be a further differentiation 
within the control-system itself, yet higher intellectual centres 
being differentiated from those which are concerned in perceptual 
process. 

There is, however, a further distinction which is important for 
the comprehension of the social influence of ideational process. 
Perceptual intelligence is, in the main, receptive and representa¬ 
tive of a natural environment which takes form independently of 
the exercise of its influence. Only in a limited degree are its pro¬ 
ducts in behavior so applied as to modify and enrich that natural 
environment. The beaver indeed constructs its dams, the bird 
builds its nest, the spider spins its web, and so forth. Some amount 
of choice of environment through subjective selection is possible. 
Some products of behavior are projected on to the plane of its 
organic or inorganic surroundings. But it is a characteristic feature 
of ideational process that it is constantly, in an indefinitely larger 
degree, embodying the products of its rational environment, as 
developed in consciousness, in concrete form, so as to constitute part 
of the physical and intellectual surroundings. Subjective selec¬ 
tion is a most potent factor in human life. To an extent only fore¬ 
shadowed in the animal world does man both create and select 
his own environment of circumstance. And this is the keynote of 
the higher human evolution as contrasted with that which obtains 
among the lower animals. It involves a transference of evolution 
from the organism to the social environment. 

Now if the distinction between perceptual and ideational pro¬ 
cess is sound in principle, it is of fundamental importance in deal¬ 
ing with the higher ranges of psychological development. In any 
case, whether the subject be man or child, dog or monkey, it is 
our duty to devise such methods of observation as shall enable 
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us to apply these principles in such a way as to analyze out the 
two factors, supposing that both coexist. As I read the results 
of the recent researches of Dr. Kinnaman, Professor Thorndike, 
Mr. Hobhouse and others, on the intelligence of the primates, there 
seems however, but little evidence, even in them, of the schematic 
products of ideational construction. And the question arises whether 
such products are possible without language as an instrument of 
analysis and synthesis. 

In attempting to deal, I fear very inadequately, with the sub¬ 
ject committed to my charge, I have essayed to give a very broad 
and general survey of the genetic sequence. Starting with biolog¬ 
ical reactions and bringing these into touch with the early stages 
of intelligent guidance, the essential feature is the occurrence of 
a new r order of values, those of feeling-tone in terms of pleasure- 
pain. So long as situations are dealt with naively in and for them¬ 
selves, these values are the determining psychological factors, but 
always in close and vital relationships with the survival values 
of the biological mode of explanation. At some stage, however, of 
the evolutionary process a new order of values has its rise and 
origin — these are connected with ideal schemes and systems; 
and they are in terms of worth for the ideal life. Just as intelli¬ 
gence forms the environment under which automatic responses 
are guided to higher ends, so does some sort of rational system 
form the environment under which perceptual processes arc con¬ 
trolled. Here we have the scientific foundations of ethics. Hut 
here too, important as these scientific foundations may be, many 
of us feel that they are insufficient; and we are thus brought into 
close relations with those metaphysical postulates which are out¬ 
side the sphere of comparative and genetic psychology, qud sci¬ 
ence — with relations which no doubt have been or will be dis¬ 
cussed in another section of this comprehensive Congress of Arts 
and Science. 
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As a mere student of general and of adult psychology, and no 
first-hand investigator of the consciousness of animals, little chil¬ 
dren, and primitive men, I have no especial right to treat of this 
topic. I have been induced to do so by the conviction that com¬ 
parative and genetic psychology, even more than other branches 
of the science, urgently need to-day a fresh survey of their bound¬ 
aries, a definite formulation of their basal conceptions. 

For such a critical consideration of fundamental problems, the 
general psychologist has, perhaps, a peculiar fitness. He may not, 
it is true, penetrate, as the specialist can, into the thicket of the 
phenomena of animal behavior, infant activity, and primitive cus¬ 
toms, but he may yet avoid the specialist’s danger of failing to 
see the forest for the trees, of entangling general considerations 
with irrelevant details. 


The terms “genetic” and “comparative psychology" are com¬ 
monly employed without discrimination. 1 This, however, is an un¬ 
justifiable confusion, for genetic psychology is a mixture of com¬ 
parative, or inferential, with direct, or introspective, psychology. 
Its study of the consciousness of animals and of primitive men, and 
most of its studies of the child consciousness are, it is true, pur¬ 
sued by the indirect or comparative method, the comparison of 
their behavior and their bodily structure with the conduct and 
the structure of the normal human adult. Hut an introspective, 
yet genetic, study of successive phases of the conscious life of the 


adult may be made; and such a study, though genetic, obviousl 
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of a genetic science is anything in its development: whether it study 
life or consciousness, animal or child or adult, a genetic science studies 
this object as developing. 

Logically antecedent to all special problems of genetic and of 
comparative psychology is the question of the scope, and, con¬ 
versely, of the limits of each. These problems constitute the 
main subject of this paper. The first to be considered is: 


I. The Limits of Genetic Psychology 

At the very outset, genetic psychology is met by the challenge 
to its logical existence. The question is seriously raised whether 
there is any sense in which consciousness may be said to develop, 
whether, in other words, there is room for any genetic science 
of consciousness. It is evident, at once, that consciousness, con¬ 
ceived after the atomistic, Humian fashion, as a succession of phe¬ 
nomena or events, —a chain of ideas, in the widest sense of that 
word “idea,” — cannot be said to develop. Development presup¬ 
poses a unit of change, that is, some one reality which expands or 
narrows, grows or decays, and yet retains, throughout its change, 
a certain identity. The Humian, “linkcd-idea,” conception of con¬ 
sciousness has, as its only unit of reality, the single idea, that is, 
state of consciousness; and the idea does not develop, since it ex¬ 
ists for the moment only. 1 Thus, the Humian conception, since 
it recognizes no reality which underlies that of these evanescent 
states of consciousness, leaves no room to conceive of conscious¬ 
ness as developing. Consistent advocates of this system 7 rightly, 
therefore, reject the conception of a strictly genetic psychology. 
They concern themselves, it is true, with genetic biology, in the 
effort to explaiu concrete psychic phenomena, explaining, for ex¬ 
ample, the fear of empty spaces by the fact that empty spaces 
were dangerous to our animal ancestors, and that therefore those 
of them who escaped, through instinctive flight, survived to pro¬ 
pagate offspring. This, however, is no genetic psychology; it is 
a psychological use of the facts of genetic biology. Psychology, as 
study of succeeding states or processes of consciousness, is not, 
and may not become, a genetic science. 

A genetic psychology is possible, in truth, only on a rad.cally 
different view of the nature of consciousness. According to this 
second doctrine, consciousness is not a mere succession of .deas: .t 
is a self conscious of itself, of other selves, and of i s own ideas The 
unit of psychology is, from this standpoint not the singU state of 
consciousness, the idea, but the conscious self. Uns is not the time 
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in which to expand this conception and to distinguish it sharply from 
the metaphysical doctrine of the self with which it is too often con¬ 
fused. It is essential, however, to suggest the justification for such 
a conception of consciousness. The ground for the doctrine is, sim¬ 
ply, this: Introspection discloses that every state of consciousness is 
immediately known as the state, or idea, of some self. Thus, con¬ 
sciousness of any idea involves also the consciousness of a self, con¬ 
scious of this idea. On direct introspection, therefore, not on phil¬ 
osophical demonstration, this conception of consciousness is based. 1 

It seems evident that a self, thus conceived, does undergo a de¬ 
velopment which is psychic and not physiological. The progress 
from infancy to maturity, or the advance from the savage through 
the barbaric, to the civilized epoch of human life, illustrates what 
is meant by self-development, a change which is correlated with 
physiological processes, but is surely not identical with them. 2 My 
ten-year-old self, shrinking with a terror which I still revive from 
a new face, and my present self which welcomes every stranger with 
a genial interest, are related by an identity and a difference. I am 
the same self — the childish terror still is realized as mine — and 
yet I am another self with a new attitude to the world. In just 
this progressive reconciliation of sameness and difference, self¬ 
development consists. 

To psychic development, thus conceived, as characteristic of 
a self in its relations, there is not of course the decisive difficulty 
which faces the theory of psychic development, when consciousness 
is looked upon as series of ideas. An idea, a momentary psychic 
occurrence, lacks— as has been pointed out —the permanence 
which is necessary to a developing reality. A self, on the other hand, 
has both identity and permanence, and may therefore be conceived as 
growing and expanding. Yet the theory of self-development has 
its own characteristic obstacle: A self, it is urged, is not a temporal 
reality at all; on the other hand, time is the peculiar category of the 
idea-series, and a self must be regarded without reference to temporal 
lealities. Only in its connection with its body is it necessarily con¬ 
sidered as a past or present or future self: essentially it is the 
same self, in spite of these distinctions. 3 And if this be true, 
the development conception may not be applied directly to a self. 

It must be admitted that this difficulty has its roots in a just 
conception of the nature of a self. Selves are. in truth, primarily 
untemporal; and their basal relations are the untemporal ones 
of comm °n experience, of sympathetic emotion, of self-assertion, 
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and of loyalty 1 to others. It is therefore impossible to dispose of 
this objection to the theory of self-development, on the ground that 
it involves purely metaphysical considerations. For psychology, 
as well as metaphysical reflection, discloses this untemporal quality 
of conscious selves. 

On the other hand, this difficulty cannot be admitted to be 
final. A scientific study of selves, in untemporal relation to each 
other, is indeed possible; but the temporal relation of selves to 
their own past and future, as well as to the temporal experience 
of other selves, must be admitted as a second possibility. For sci¬ 
ence is, after all, but a systematization of the every-day experience, 
and the facts of self-development are unquestionably matters of 
every-day observation. In other words, a self may be regarded, 
from the scientific as perhaps contrasted with the metaphysical 
point of view, now as temporal and again as untemporal; now as 
presenting a complexity of untemporal qualities and relations, 
again as presenting a succession of unfolding phases. 

Genetic psychology, the study of developing selves, is there¬ 
fore a legitimate science. This admission leads the way to a more 
precise definition of development. At the outset, it must be in¬ 
sisted that development, in the technical sense of evolutionary 
biology, cannot possibly be predicated of conscious selves. This 
will be admitted, when it is considered that heredity and natural 
selection are essential features of biological development. Hut it is 
simply impossible for one self to transmit its characters to another 
Every self, on the other hand, has a certain independence and 
identity, which is quite incompatible with a transmission of char¬ 
acters. The traditional conception of psychic heredity, as set forth, 
for example, by Ribot,’ is nothing more nor less than an empmcal 
observation of the psychic likenesses between children and their 
parents. 5 In this sense of mere similarity, psychic heredity is of 
course, a fact. Such similarity docs not, however, invobe a trans¬ 
mission of mental characters. The conception °f devdopmen , 
so far as it includes that of heredity, in this stricter sense, ,s apph- 
cable not to conscious selves but to animal bodies. 

This ruling out of the factor of heredity sufficiently proves it 
impossible to conceive a self as developing in biological fashion, 
rpj ... ctronerthoned bv tlic reflection that natural selection, 
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emphasises this “failure of natural selection.” Those who could 
not unaided, win in the struggle for existence, are cherished and 
protected, by parental care, by philanthropic effort, or by religious 
zeal, in opposition to the workings of natural selection. 1 

Development, in its well-marked biological sense, is then im¬ 
possible within the domain of related selves. It is important to 
reiterate this conclusion, in the face of the cheap and easy theories 
of transmission of traits, and of natural selection working in the 
sphere of social relations. But development is not necessarily con¬ 
ceived after the fashion of modern biology. 2 In a broad sense, de¬ 
velopment may be defined as the succession of the more complex 
upon the simpler states — or, conversely, of the simpler upon the 
more complex states — of a unitar}' being. Such a psychic develop¬ 
ment the normal adult self, who remembers his own past experience, 
may introspect!vely observe in himself. 

Genetic psychology, thus conceived, is evidently in the first in¬ 
stance individual psychology: it is a study of the individual self — 
human or animal, child or adult — cither in the process of learn¬ 
ing, that is, in the progress from simple to complex consciousness, 
or in the reverse order from complex to simple. This learning-con¬ 
sciousness, as will later appear, is of two chief sorts: individual 
and social. That is to say, a developing self either profits mainly 
by its own experience, without realized relation to other selves; 
or it learns by its attitude, imitative or inventive, toward these 
other selves. 3 Each of these basal forms of learning — individual 
and social — has, in turn, two subdivisions. The individual learn¬ 
ing-consciousness either is mainly associative, or it involves analytic 
reasoning. And the social type of learning, by imitation and opposi¬ 
tion, is distinguished as it refers to contemporary or to past selves. 
In the latter case, genetic psychology may indeed be called a race- 
psychology. The child imitates its parents, and the parents have 
learned by imitation of an earlier generation, each imitation involv¬ 
ing an allied invention, a supplementing of the copy. Material for 
a genetic race-psychology is found thus, in the indirect dependence 
of an individual, through imitative and inventive consciousness, on 
other individuals who, from the time-standpoint, have preceded. 
Most of these distinctions will 1* illustrated, in the second section of 
this paper. 4 
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The foregoing pages have attempted to vindicate the existence 
of genetic psychology and to outline briefly both its scope and its 
limits. It will be necessary to discuss at greater length the second 
topic of this paper. 

II. The Limits of Comparative Psychology 
» 

The bare existence of comparative psychology is nowadays 
called in question by no one. All psychologists admit that babies, 
primitive men, and some animals are conscious, and consequently 
grant the need of a science to study these forms of consciousness. 
The limits of comparative psychology are simply, therefore, limits 
in the application of its indirect method. Its initial problem may 
be formulated thus: what classes of animals and what stages of 
child-life and what levels of primitive life are conscious? To the 
consideration of this question, the remainder of this paper is chiefly 
devoted. For lack of time, the problems of ethnic psychology will 
be utterly neglected, and the main stress will fall on the facts of 
animal consciousness. The analysis of the consciousness of animals 
will be incidentally undertaken. 

To determine what sorts of animals and what stages of the child- 
life are conscious, it is necessary to formulate some objective, or 
indirect, test of consciousness. Even if, as in common with many 
psychologists the speaker believes, the direct consciousness of 
other selves is involved in every self’s consciousness of itself, such 
direct consciousness is evidently not present in the mere scientific 
study of animals, of babies, and of primitive men. That these organ¬ 
isms are conscious is not, under these conditions, directly or posi¬ 
tively known: their consciousness is aflirmed or denied by infei- 
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ence from structure, from behavior, or from product. A basis for 
this inference, that is, a test of the presence of consciousness, has, 
therefore, to be found. 

There are two widely opposed doctrines concerning the nature 
of this test. The first of these may be called the continuity doc¬ 
trine. In its unmodified and most consistent form, it ascribes con¬ 
sciousness to all living organisms, on the ground that life implies 
consciousness. In other words, the continuity theory interprets 
animal movements by their analogy with human conduct. Opposed 
to this doctrine is the mechanistic theory, which conceives of all 
plants and of the lower forms of animal life as mere mechanisms, 
on the ground of their unvaried and perpetually recurring reac¬ 
tions. The test of consciousness is, on this view, non-mechanical 
— that is, adaptive — behavior. 

Upholders of the continuity theory have two arguments for 
their doctrine that consciousness is a property of animal life. The 
first is a metaphysical argument, based on that principle of con¬ 
tinuity from which I have named the theory. Some animal organ¬ 
isms, it is argued, have consciousness, and the forms of animal 
life succeed so closely on each other that it is irrational to sup¬ 
pose the sudden appearance of consciousness at any one stage; 
hence it must have accompanied animal life from the first. The 
second argument is empirical, not metaphysical in character. It 
is based on a two-fold analogy of the animal with the human organ¬ 
ism: the likeness of certain structures of animal bodies with those 
of human bodies, and — more important — the similarity of ani¬ 
mal activities to movements consciously performed by human 
beings. This analogy is extended to the lowest forms of animal 
life. “The Infusory,” Binet says, “guides itself while swimming 
about; it avoids obstacles; . . . its movements seem to be designed 
to effect an end. ... In short, the act of locomotion, as seen in 
detached Infusoria, exhibits all the marks of voluntary movement.” 1 
After the same fashion are explained the movements of bacteria 
toward grains of chlorophyl in a drop of water which contains no 
oxygen, 2 the amoeba's rejection of foreign substances, 8 and the 
movements of animals higher in the scale of life —■ of echinoderms, 
for instance — from dark places into well-lighted ones. 4 

In all these cases, the underlying argument is the same: infu¬ 
soria, bacteria, and amcebs, echinoderms and higher animals 
perform acts like those which are voluntarily, or at any rate con¬ 
sciously, carried out by human beings; therefore, infusoria and 
the re. i are conscious. The analogy is strengthened when to simi- 

J J’te Psychic Life of Micro-Organisms, translation, Open Court Co., p. 46. 
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larity of conduct is added likeness of structure. So Binet 1 describes 
the ocular spot of a ciliated infusory,“ composed of a convex crys¬ 
talline humor, having the form of a watch-crystal enveloped by 
pigment/’ and concludes that the “identity of structure” with that 
of the eyes of higher animals “naturally leads to the assumption of 
the identity of functions.” 

An examination of these arguments discloses, however, certain 
flaws, of which the more significant are the following: In the first 
place, the law of continuity proves too much. If the sudden ap¬ 
pearance of consciousness at any stage of organic development 
be irrational, so also is the sudden appearance of consciousness 
at any point of development — inorganic as well as organic. Con¬ 
sciousness must, in other words, be attributed to vegetable as well 
as to animal organisms, and must be claimed also, on this same 
principle, for inorganic matter: it must be attributed to the iron- 
filings attracted by the magnet, no less than to the infusoria at¬ 
tracted by the food. 

The chief objection to the empirical argument of the continuity 
theory is less readily stated in a compact form. The argument, 
it will be remembered, rests on the analogy of such acts as the move¬ 
ments of bacteria to the light or the hiding of young gulls in the 
crevices of rocks, with corresponding acts of human beings, which 
— it is assumed — are consciously performed. But this assump¬ 


tion is obviously in fault, as far as individual human acts are con¬ 
cerned. Motions even more complicated — for example, the avoid¬ 
ance of obstacles in walking and the muscular contractions neces¬ 
sary to a musical performance — may be unconsciously performed 
by human beings; and the mere likeness with human movements 
cannot, then, prove animal actions to be conscious. To rescue 
the analogy, modern upholders of the continuity theory therefore 
make a further hypothesis. They admit that even comp ex human 
acts may be unconsciously performed, but they conceive all such acts 
as habitual, and they assume that all habitual movements ^ 
originally performed with consciousness and that they have grown 
unconscious with practice.’ Many of these unconscious human 
movements may be traced back, it is shown, to consciously per- 
formed acts in the past life of the individual. Others, for example 
the characteristic bodily expressions of emotion have remained 
unconscious throughout individual experience, but these, t is 
urged, were consciously performed by the animal ancestors of the 
human being: in a word, they have grown unconscious through 

racial experience. 
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The complete argument, restated, in accordance with this fresh 
hypothesis is then the following: All animal activities are psychic 
because they resemble human activities, and all human activities 
are psychic, because they either are, or originally were, performed 
with consciousness. 

But even in its new form the argument is invalid. In the first 
place, admitting its premises, it does not prove of any particular 
animal activities that they are conscious, but only that they once 
were conscious — perhaps not even in the experience of the in¬ 
dividual. In the second place, the conception of unconsciousness, 
as attained through racial practice, involves the assumption that 
the effects of practice are transmitted, and has thus to reckon with 
all the formidable objections brought to bear against this revival 
of Lamarckianism. Finally, even if this difficulty be waived, the 
continuity argument loses all its force with the appeal to racial 
experience. For the strength of the argument lies in the analogy 
between animal behavior and directly observed human conscious¬ 
ness. When once, however, it is admitted that some human activ¬ 
ities are and have remained unconscious through individual human 
experience, then the analogy becomes futile. To call the animal 
reactions psychic because analogous to human actions, when these 
human actions may be conceived as psychic only on the hypothesis 
that they once were consciously performed by the animal ancestors 
of human beings — this is an obviously circular argument. 

The admission of this radical defect in the argument of the con¬ 
tinuity theory leads naturally to a consideration of the teaching 
of the mechanists. This doctrine, it must be remembered, is less 
sweeping than the one which it opposes; for that asserts that all 
forms of animal life are conscious. The mechanists, on the other 
hand, arc far from teaching that all animals are unconscious. They 
insist, however, that only those animals are conscious which be¬ 
have in a non-mechanical way, those whose actions vary in such 
wise as progressively to adapt themselves to their environment. 
Negatively, then, the mechanists contend that those animals are 
unconscious whose movements are repeated and unvaried reflexes; 
and after this mechanical fashion they interpret many of the 
activities, which their opponents regard as psychical, notably the 
merely instinctive activities of animals. 1 Their argument also 
is twofold, theoretical and empirical. Against the metaphysical 
law of continuity, they array the logical law of parsimony, the 

1 This mechanistic theory must not be confounded with the uttorlv unjustified 
conception of consciousness as identical with nerve-process, which is current 
among certain modem physiologists —one may instance Loeb. (Cf. Comparative 
J'hystology of the irain and Comparative Psychology, pp. v . 12,213.) This revival 
o the outworn doctrine of Vogt and B.ichner is obviously a result of defective 
psychology 1 Un * °* * IC umvarrant °d intrusion of a one-sided metaphysic into 
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alleged necessity of explaining every phenomenon in the simplest 
possible way. Now the physiological antecedent of a movement 
has always to be admitted, so that the introduction of conscious¬ 
ness as part-condition of a movement certainly adds a compli¬ 
cating factor. It follows on this principle of parsimony that any 
animal movement which can be explained as unconscious should be 
so explained, in other words, that the simplicity of the unconscious 
reflex conception gives it right of way. 

The empirical argument of the mechanists, against the continuity 
theory, is in the main the development of a counter-analogy: the 
likeness of the supposedly purposive and conscious acts of animals 
with plant changes, and with mechanical processes. The argument 
has three distinguishable forms. In the first place, it has been 
experimentally demonstrated, by Loeb, Bethe,and others, that many 
animal activities which have been called psychic are, in reality, 
direct responses to mechanical, chemical, or electrical stimuli. 1 
Even the home-seeking activity of ants, Bethe has shown, de¬ 
pends on the traces of food which has been dropped on the out¬ 
ward road. Bethe argues that the home-seeking is, therefore, an 
unconscious reaction to a chemical stimulus. 1 

It has been shown by the mechanists, in the second place, that 
instinctive animal activities, usually conceived as conscious on ac¬ 
count of their purposive character, 1 are persisted in when they have 
become useless, and even positively harmful. Loeb, for example, has 
experimented on the crevice-crawling instinct of animals, 4 which is 
usually cited as an activity performed for the purpose of self-pre¬ 
servation, a movement to escape pursuit by seeking obscurity. Loeb, 
however, finds by ingenious experiments on butterflies and on 
worms, that the instinct persists when the crevice is brightly 
lighted, and therefore at least unsuited for a place of concealment. 
By similar experiments, Ycrkes has shown that certain crustaceans 
persist in a hurtful instinctive activity; 5 and Jennings has proved 
the same for several forms of infusoria. 8 


i Wh i«vs great stress on the teaching that the nervous system, so far from 
be in ef un c tVon u U v distinct from protoplasm, merely “ plays tie par of n more 
eensftive and quicker conductor for the stimulus ." This doctrine, though well 
sensitive ana qua.* . , **g 0 \ Qm ] Per Hclwlropis'iius dcr 

established (cf. Loeb, op. ot, PP* ..... p A i, f „ Fu*nl<l pnnri-r’s lrc/i ixiii 
Thi*rr Wiir/hori' 1890 sec. 00, and p. 113 Goltz u. fcwal'i. 1 r s *rcn., lxiii, 

d 374 Usg^Sihra&rPfloWr’s^trc/... xui. 1887. pp, 75 sc n . and xl.v, 
1888 d 175) has no diiict bearing on the present discussion, except for those 
wlfo kt P art from die a pHori conviction that nerve-excitation is an meltable and 
theoretically necessary condition of consciousness. 

* PflUger's Arch., lxx, pp. 15 «*•. 18J8. 

' C)n 85 Cf. Tier Ileliotropismut Scr Thiere p. 1. 

» R P MYoJkcS Reaction oi Entomostraca to Stimulation iv L^.ll, Reactions 

■'.wSSrvs 

ii, Amer. Jour, of Physiology, vol. H. P- 330, 1899. 



722 COMPARATIVE AND GENETIC PSYCHOLOGY 

In the third place, the direct analogy is emphasized between 
animal instincts, on the one hand, and inorganic as well as veget¬ 
able processes, on the other. The upward crawling tendency of 
young caterpillars and the upward migrations of pelagic animals 
are mere mechanical responses, Loeb insists, “similar to that which 
forces the stem of the plant ... to bend toward the source of 
light”; 1 and the changes produced by electric currents in the post¬ 
ures of amblystoma are closely analogous to the phenomena ob¬ 
served in inorganic bodies under the influence of electric currents. 2 

A careful examination of these three arguments will disclose, how¬ 
ever, that no one of them is an entirely decisive proof that instinct¬ 
ive activities are unconscious. To begin with the argument last 
stated: the likeness of instinctive animal reactions to inorganic 
processes stamps the animal reactions as non-psychic, only on the 
supposition that the inorganic movements are non-psychic. This 
assumption is, to be sure, commonly made; and it is made, in 
particular, by most of those who support the continuity hypothesis. 
By them, therefore, the logic of this argument from the analogy 
of animal with inorganic movements may not be challenged. Any 
one, who argues, “the echinoderm, like the human being, turns 
toward the light, and is, therefore conscious,” cannot object, on 
formal grounds, to the counter-argument, “the nereid crawls into 
the lighted tube as inevitably as the needle turns to the pole, and 
is therefore unconscious.” (From metaphysical considerations, on 
the other hand, this argument might well be assailed.) So far as 
the second of their empirical arguments is concerned, the mech¬ 
anists are certainly right in insisting that actions which are 
mechanically repeated, even when useless or dangerous, are not 
purposive. Nevertheless this argument also falls short of its 
ulterior aims. Acts which are purposeless may well be conscious ; 
and the caterpillars, worms, and butterflies may have the sense- 
consciousness of crawling, even without the purpose of self- 
preservation. So, also, the successful demonstration that animal 
reactions arc direct responses to an external stimulus disproves 
the selectiveness or discrimination of animal reactions, but does 
not disprove their consciousness. Bethe’s ants, for example, 
though incapable of finding their way home, by means of visual 
imagination, may none the less have been conscious of odor, as 
they followed the food dropped by the way. And, finally, the 
law of parsimony, the theoretical stronghold of the mechanist, 
cannot be admitted as a controlling consideration. It is true 
that, other things being equal, the simplest explanation is to be 


1 Cl, > P- 181- Cf. Der Heliotropismus der Thicrc, pp. 
Ibid., p. 160. Cf. Loeb and Garrev, Zur Thcorie des Ga 
PflOger s Archie, lxvi, p. 41, 1896. 


74, 88, 109, 1890. 
Ivanolropismus, ii 
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preferred, but no methodological test can be allowed to determine 
a question of fact; nor — in the opinion of the speaker — can it 
have the authority of a metaphysical principle. In other words, 
granting the equal significance of each in its own sphere, the 
methodological law of simplicity ought not to outweigh the meta¬ 
physical law of continuity. 

Evidently, then, the mechanist does not make his point. He has 
tried to show that unvaried reflex movements are unconscious, but 
has succeeded only in proving that they may be unconscious, and 
that it is simplest to conceive them thus. His opponent, how¬ 
ever, is not more successful. He has tried to prove that all animal 
activities are ipso facto conscious; but has shown merely that they 
may be conscious, and that there is a certain metaphysical support 
for this conclusion. With regard to organisms whose reactions 
are unvaried reflexes, it thus appears that neither doctrine is justi¬ 
fied on purely scientific grounds. The one proves the possibility 
that these fixedly reacting animals may be conscious, but does 
not empirically disprove the possibility of their unconsciousness; 
and the other empirically proves the possibility that they are un¬ 
conscious, but does not disprove the possibility of their conscious¬ 
ness. 

It is, however, highly important to observe that this unsettled 
issue docs not concern the animals which make adaptive move¬ 
ments. For even the mechanists are agreed that non-mechanical 
behavior, that is, adaptive reaction to a fixed environment, is a 
sufficient guarantee of the presence of consciousness. Vcrworn, 1 
Bethe, 3 and Loeb 3 unite in admitting this test of consciousness. 
“Es scheint mir,” Bethe says, "der Nachweis ob cin Wcsen im 
Stande ist modificiert zu handeln, der einzige Priifstein zu sein 
urn auf psychische Qualitiiten zu schlicssen.” It is therefore wise 
to waive the disputed question, does consciousness belong to ani¬ 
mals whose reactions are mere fixed reflexes? and to ask, instead, 
the question, what animals meet that test of consciousness which 
is admitted bv all, in other words, what animals make adaptive 
reactions? It is hardly necessary to remark that this argument 
from the occurrence of adaptive movements constitutes no abso¬ 
lute proof of the presence of consciousness, since the argument 
rests on a mere analogy. Yet the completeness of this analogy of 
the adaptive animal acts with conscious human movements and 
the utter absence of an analogy with mechanical processes com¬ 
bine to justify the conclusion that animals which act adaptively 
are conscious. Fortified by the metaphysical argument from con- 


2 

I 


otiaUnrStudien, pp. 137. 141. 

>. tit., PflOgc ris Archxv, lxx. p. W. 
mjarative Physiology, etc., pp. 12 et at. 
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tinuity, and by the conviction gained by direct relations with the 
higher animals, we do admit with practical unanimity that ani¬ 
mals who respond in varied fashion to a fixed environment are to 
be counted as conscious. 

It will be well to illustrate with more care the exact nature of 
this criterion of consciousness. It has been described already as 
the occurrence of adaptive, that is, of varying, reactions. Not 
only are the movements of animals at this stage discriminative, 
that is, different for different environments, but they are also 
varied in the same environment: in other words, though the en¬ 
vironment remains unchanged, the animal, far from responding 
with one fixed movement, reacts with progressively increasing com¬ 
plexity and effectiveness. The dogs and cats, for example, in Thorn¬ 
dike’s experiments, who succeeded in learning to let themselves 
cither out of boxes or into them by unfastening latches of vary¬ 
ing difficulty, at first responded to the stimulus of the closed 
door, by a relatively fixed, indiscriminate response to the entire 
environment, for instance by clawing at the whole surface of the 
door. Among these repeated and ineffective movements, however, 
a specialized action presently emerged, which drew the fastening; 
and this successful movement was repeated, at first by accident; 
and the casual repetitions resulted at length in the formation of 
a new motor response, a variation of the original reaction. Adapt¬ 
ive variation of response, as thus described, is — it will be ob¬ 
served— identical with the first stage in the developing conscious¬ 
ness of a self, the process of learning through association. 1 This 
criterion of the presence of consciousness implies thus the existence 
of a truly developing consciousness. 

In passing, this criterion of consciousness should be distinguished 
from two others, current in modern psychology. Iiy some psych¬ 
ologists. as, for example, by Schneider, the purposiveness of 
an act. that is, its utility, is made the voucher for its psychic 
character. There arc two objections to this doctrine. In the first 
place, it defines non-mechanical actions from the standpoint not 
of the reacting organism but of the observer; in the second place, 
it makes the doubtful assumption that there are simple reflex 
actions which are not purposive. A second criterion of conscious¬ 
ness has recently been proposed by Dr. Minot: the ability to 
“dislocate reactions in time, that is, to delay reactions to a given 
stimulus.’’ 2 To this, it has reasonably been objected 3 that “un¬ 
conscious mechanisms could be constructed and indeed do exist 


J f f- p. 71ft. ahovo. 

\, V'f /*' Consrimi*nca* in its Biological Aspects, Popular Science 

Monthly. 1002. vnl. lxi. pp. 289 ««.. rsp. p. 293. 

!" nnin ^- on /fractions to Stimuli in Unicellular Organisms, 

IX, A mrr. Jour, of Physiol., vol. vm, p. 57, 1902. J 
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in which there is a dislocation in time between the action of an 
outer agent — and the reaction of the machine.” This time- 
adjustment is, in fact, merely a subordinate form of that general 
ability to vary the response to a fixed environment, which consti¬ 
tutes a non-mechanical, and thus an admittedly conscious activity. 

At last, the way has been cleared for the definite question, what 
animals have been proved to react adaptively, that is, to learn? 
To begin with the unicellular animals: Verworn 1 and Jennings 2 
have shown that most of them make a fixed and utterly unvaried 
response to a given environment. Many of them even react in but 
one way to all surroundings, giving the same response to every stimu¬ 
lus, however localized. The Paramecium, for example, as described 
by Jennings, “responds to any stimulus by swimming forward. 

. . The direction of motion is the same whether the source of 
stimulation is at the anterior end, the posterior end, the side. . . . 

If the stimulus is at the posterior end [the animal] swims towards 
it even though this results in . . . destruction.” Other organisms 
of this class have more than one form of reaction, but respond 
invariably by the same reaction to a given stimulus: the changed 
response is, in other words, called out only by altered surround¬ 
ings. In the Dileptus, for example, and the Loxodes — forms of 
Ciliata — the reaction varies slightly with differently located mech¬ 
anical stimuli: 3 a stimulus in front causes the Dileptus to swim 
backward, whereas a posterior stimulus is followed by forward 
motion. The essential feature of both types of reaction, of the 
indiscriminate and the discriminate response alike, is the fact that, 
in both cases, the movements arc fixed and unvarying if the en¬ 


vironment do not change. 

There is, however, at least one experimentally observed excep¬ 
tion to the rule that unicellular animals react in this unvaried 
fashion. This is the case of fixed infusoria, Stcntor and \orticella, 
which not only vary their res,x>nsc to different stimuli, according 
as these arc harmful or beneficial; but which markedly alter tl.e.r 
response to a given stimulus, when it is prolonged. 

Observation and experiment have, however, mainly had to 
do not with unicellular organisms but with animals of more com¬ 
plex structure. Romanes and Locb have studio. the rad.ates. 
Romanes attributes sense-consciousness both to jelly-fish and to 


W—K '» Unicellular Organism,, n. The American 
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starfish, but he reaches this conclusion from the disputed stand¬ 
point of the continuity hypothesis. '‘The starfish/’ he says, “per¬ 
ceived the proximity of food, as shown by their immediately crawling 
towards it.” 1 He thus argues consciousness from simple reaction, 
instead of experimenting on the starfish to discover if they would 
not react similarly to unodorous stimuli. Other experiments on 
different orders of radiates have not to my knowledge resulted in 
the discovery that they make adaptive reactions, though Loeb’s 
experiments offer evidence of their discriminate movements. 2 
The tentacles of actinians, for example, draw in meat, and reject 
paper; but so far as is reported, they do not handle the meat or 
paper with increasing expertness. 

Studies of mollusks, also, so far as I know them, have consisted in 
examination of their sense-organs, 8 in the study of the function of 
their rierve-systems, and in experimental observation of their imme¬ 
diate reactions, but have not included any effort to train them to 
adaptive reactions. None the less, Loeb concludes that cephalopods 
may possess associative memory. 4 It is certainly to be wished that 
some investigator might study different orders of the radiates and 
the mollusks, with the express aim of discovering whether they may 
be trained to adaptive reactions. For herein, and not in the posses¬ 
sion of acute sense-organs nor in the capacity for discriminated yet 
invariable reactions, is the trustworthy test of consciousness. 

Different orders of the articulates have been studied with this 
special end in view, with the result that they have been trained 
to simple motor habits. Loeb, to be sure, interprets the movements 
of worms as mere reflexes, but he argues mainly from the inconclu¬ 
sive premise that their most complex reactions seem not to require 
coordination through brain-centres. Yerkes, 6 Yerkes and Huggins,® 
and Spaulding 7 have experimented on Crustacea and have proved 
that both crayfish and crabs can learn by the trial and error method 
to find their way through simple labyrinths. Spaulding’s experi¬ 
ments are noteworthy, since he trained his crabs to a habit opposed 
to their instinctive heliotropism, namely, to seek food in the dark. 8 


‘ Jelly-fish, Star-fish and Sca-urchins, p. 321. 
Loeb, on. cit., chap, iv, pp. 50 scq. 


l.oeb, on. cit., chap, iv, pp. 50 scq. 

. ^’f- *L '*• Spongcl, Die Gcruchsorgane u. das Nen'ensystcm dcr Molluskcn 
*’ , /ovl ' xxxv * P- 333; W. A. Nagel, Bibliotheca Zoologica, Heft 
?, 94;; Loeb, Dcr Ilcliotropismus dcr Thicre ; J. Steiner, Die Functioncn d. 
• ‘\il Screen Systems dcr u'irbcllosen Thierc, Sitzungbcrichte d. Akad d 
■ssensch. i. p. 32. zu Berlin, 1890. 

« //, Trf'Vi 227 \ c- j. * Biological Bulletin, in, 5, Oct. 1902. 

7 Harvard Psychological Studies, i, pp. 565 scq., 1903. 

( p ^ Com P arative Neurology and Psychology, 1904, vol. iv, pp. 49 seq., 

* File opposed results of Bethe’s experiments on crabs (Archiv fur mikroscov. 
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Close observation and careful experiment have been devoted 
to the study of insect behavior. Bethe alone argues energetically 
that the movements of ants and of bees alike are unvarying re¬ 
sponses to environment, usually to chemical stimuli. But the posi¬ 
tion, clearly, is untenable. It is contradicted by such observations 
as that of Forel 1 and others, that “bees, wasps, etc., can find their 
way in flight through the air, notwithstanding wind and rain (and 
hence under circumstances precluding the existence of any pos¬ 
sible odoriferous trail).” Loeb, also, offers a detailed observation 
of a wasp which returned to its nest, carrying a caterpillar, and 
therefore walking not flying. The wasp had flown from the nest, 
so that it was not following any trail when it carried the caterpil¬ 
lar to the nest. 2 

Advancing to the vertebrates, we find a number of experimental 
observations. Triplitt has experimented on perch, repeating and 
supplementing the classic experiment of Mobius on pike. He finds 
that perch may learn both to avoid one side of an aquarium and 
to inhibit the instinct to feed on smaller fish. 3 Yerkes has per¬ 
formed the only experiments which I know on reptiles. 4 His 
turtles learned to find their way through simple labyrinths, by 


perpetuating successful movements — even the chance move¬ 
ment, unforeseen by the experimenter, of falling from the side of 
an inclined plane, instead of crawling to the bottom of it. 

To the well-known experiments of Douglas Spaulding, Morgan, 
and Thorndike on young chickens, Porter 6 has added a set. of ex¬ 
periments on the English sparrow. The investigators all agree 
that birds learn through progressively varying reactions. Thorn¬ 
dike’s chicks learned to open the fastenings of boxes; Porters 
sparrows opened boxes and found their way through labyrinths, 
and Morgan’s chicks and pheasants were taught by experience t<» 


avoid distasteful food. 

For the mammalia, Small • and Watson 1 and Miss Allen have 
proved that rodents learn to make their way through labyrinths 
of varying difficulty; Morgan' and Mills,'» Thorndike" and Hob- 

' Ant, and Son,'Other Inuct,. p. 18. Cf. Ftad’s^ngemou. r x™irim.ntnl proof 
of tho memory of bees (not. as he thinks, of the.r inference), op. cl., pp. - O. 
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• Pop. Sci. Mo.. 1901. vol. 58. PP- 519 W 
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house 1 — though they differ in specific interpretation — all agree, 
as the result of independent observation and experiment, that 
do-s and cats learn, by the repetition of accidentally successful 
movements, to open difficult fastenings or to find their way through 
strange ways. Finally, Thorndike, 2 Kinnaman, 8 and Hobhouse 
have experimented on different species of monkeys and have found 
that they learn more swiftly and with greater accuracy than the 
other vetebrates to perform relatively complex acts. 

It follows from the results of these investigations that the scope 
of comparative psychology probably is as wide as that of animal 
life. No form of animal organisms is a priori excluded, by its 
structural simplicity, from the group of adaptively reacting ani¬ 
mals. Distinctions of behavior and of consciousness, in other 
words, are not closely parallel with those of structure. Every 
order of animal life may, therefore, be studied with the possibility 
in view of discovering indications of non-mechanical, adaptive 
behavior, and, by consequence, of psychic life. 

The boundaries of comparative psychology are, from this point 
of view, very wide. If, however, one consider not the number of 
animals that are conscious, but the nature of their consciousness, 
then the conception of animal consciousness viewed, thus in in¬ 
tension — not in extension, — shrinks to lesser limits. This pro¬ 
blem, the nature of the animal consciousness, can be here discussed 
in briefest outline only. 

The minimal consciousness which an animal may be proved to 
have is, as has been shown, the consciousness which accompanies 
the trial and error type of learning. This process must, therefore, 
be carefully scrutinized. On its physiological side, that is, so far 
as observed behavior and inferred nerve-process are concerned, 
this sort of learning includes the following stages: There occur, 
first, purely instinctive reactions to environment, for example, 
the rapid running, hither and yon, of a rat at the entrance of a 
labyrinth, with food at the centre. Among these different instinct¬ 
ive reactions, there chances, second, to occur a successful move¬ 
ment— one which secures the satisfaction of some instinct, in 
this case, the attainment of food. In the third place, this move¬ 
ment which satisfies the instinct is repeated — presumably more 
than once. The reason for this repetition need not here be dis¬ 
cussed. The interactionist would of course explain it as an effect 
of the pleasure which accompanies the satisfaction of the instinct. 
T' e opponent of interaction, while admitting the occurrence of 

1 Mi ml in Evolution, chaps. 7-9. 

} The Mental Life of Monkeys. Psyehol. Review, Monograph Supplement, xv. 

3 The Mental Life of Two M acne us Rhesus Monkeys in Captivity, Amer. 
Jour, of Psyehology. 1902, vol. xm. 

* Op. cit. 
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the pleasure, would explain the repetition as effect of some physi¬ 
ological function of the satisfied instinct — as effect, perhaps, 
of heightened nerve-vigor. Whatever the condition of the repe¬ 
tition, its result is, finally , a strengthening of the nerve-connec¬ 
tion between the nerve-centre stimulated by the original environ¬ 
ment and the nerve-centre whose excitation has brought about 
the successful movement. In other words, the animal forms the 
habit of reacting to the original environment by that movement 
only which satisfies desire. The present question is, what sort 
of consciousness accompanies the conduct, thus characterized, of 
the animal which learns by experience? As parallel of the pre¬ 
liminary random performances there is no need to assume any 
save a sensational and a primitively affective consciousness ex¬ 
cited by the animal’s environment and by its own movements. 
But what is the nature of the consciousness which accompanies the 


immediately successful performance from which these instinct¬ 
ive, random movements have dropped away, so that perception 
of environment is, at once, followed by the acquired reaction? 
Psychologists are agreed, in the first place, that these acquired 
reactions, gained by repeated satisfactions, require imagination 
on the part of the animals (and of the children) who learn them. 
The rat which unerringly makes the successively correct turnings 
through the labyrinth, in which he at first ran about ineffectively, 
certainly seems to be guided by an image of the food which he has 
repeatedly found at its centre. (The possibility that the mere 
smell of the food sets off purely motor reflexes, whose success is 
due to habit —that the rat, in other words, does not imagine the 
food, but actually smells it —is excluded by experimenting in a 
fresh labyrinth, without food at the centre. In this case, the rat s 
movement evidently is not initiated by an external stimulus.) 

The significance of imagination to animals which learn by ex- 
perienee is, indeed, admitted by practically all 
Thorndike alone minimizes its importance, but even Thorndike 
holds that he has proved imagination in the mental l.fe of his cats. 
These animals, who had repeatedly heard h.m speak a sentence 
and then had seen him rise and give them food, earned o el.mb 
up for the food on hearing his voice - that >s, before they saw 
or smelled the food.' Of eourse, .t does not follow that these am- 
mals remember in the sense of referrmg experience to them own 

■ Animal Intelligence p. G5. y°\A^^7our^l"l'l<lcM- xm, 120); also 
accounts of experiments on mo y £ . a room is barred, a dog 

Hobhousc, op. cit., v. 229 et al. « 1 * roU te... . This adoption of alter- 
or cat will at j 5 to be referred not to an impulse urging 

natives suggests that their acti rather to a desire to be in a particvi- 

lar 'place° ' Hobhouse^giv«fexperimen tal evidence of the occurrence of these 
images of places. 



730 COMPARATIVE AND GENETIC PSYCHOLOGY 

past life, of reflectively dating them, as it were. It is indeed un¬ 
likely that such relational consciousness occurs, and in any case 
it is impossible to prove its presence by our necessarily objective 
methods. 

This consideration leads at once to a discussion of the most dis¬ 
puted problems of the analytic section of comparative psychology. 
It has just been shown that animals possess the simplest form of 
the learning-consciousness. Do they, in addition, learn by analy¬ 
tical reasoning, that is, have they relational as well as sensational 
and affective consciousness? And, second, have they the con¬ 
sciousness characteristic of the social type of learning, that is, do 
they reflectively imitate or oppose themselves to other selves? 1 

As regards the question of relational consciousness, it is prob¬ 
able that animals of every order, primates to infusorians, do some¬ 
times perform acts which might conceivably be performed through 
analytical relational consciousness. To take an example from 
among unicellular organisms: the movement of the Stentor when 
it reacts to a persisting harmful stimulus by giving up its normal 
position, that is, by abandoning completely its tube and swimming 
away to form a new one, might be regarded as performing this 
movement by analyzing out the relational elements of the situa^ 
tion, by reflecting, “this stimulus recurs perpetually, and so to 
be unharmed by it, I must avoid it.” But the fact that an act is 
such as might have been performed through the analytical con¬ 
sciousness of relations is far from proving that it has been thus 
performed. The fact, for example, that animals react in a similar 
way to distinct yet similar stimuli does not prove that they have 
analyzed the stimulus and that they realize similarity as one of 
its elements. On the other hand, it is far more likely that they 
react to the situation as a whole, noticing neither its difference 
nor its similarity as compared with that which has preceded. So 
also the use of implements, noted by many observers in the verte¬ 
brates, 2 by Wasmann and others in ants, 3 and by the Peckhams 4 
in wasps, though it might be carried out through analysis of im¬ 
plement and of situation,—this latch to be opened by this supple 
wire, or this nest-surface to be pounded down by this hard pebble, 
— is not, in all probability, due to such analysis. For it is a matter 
of experimental proof that even the higher vertebrates are in¬ 
capable of analyzing situations except in a very limited way. To 
a degree they presumably learn to discriminate—else they would 
probably not react to more and more limited portions of their 

» ®hove. 
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environment, but the discrimination must be of relatively concrete 
parts of total situations, and the analysis into abstract elements 
is doubtless beyond them. 

There is a twofold proof of the incapacity of animals for abstract 
analysis. In the first place, the apparent results of an analytic 
consciousness in animals’ behavior often lack the permanence 
of the conduct characteristic of the truly analytic consciousness. 
Thorndike’s animals, for example, after six or seven times per¬ 
forming some mechanical operation, would “forever after fail to 
do it.” 1 This persistent failure would have been impossible had 
the animals, in their initial success, analyzed the situation and 
discovered the precise adjustment of means to end; for such ana¬ 
lysis and the resulting consciousness of relation are not readily 
forgotten. On the other hand, the failure to repeat the success¬ 
ful movement is comparatively natural, if learning is due to the 
chance connection of total situation with total movement. 


The insignificant character of an animal’s mental analysis is 
further shown by the typically gradual advance in its learning- 
process. The complete analysis of situations — such ns is involved, 
for example, in solving problems and in guessing riddles — is nor¬ 
mally achieved suddenly: 2 it comes, not as gradual dawn, but as 
a sudden flash of light. The generally regular progress in an animal’s 
acquirement of activities and the lack of permanence of these ac¬ 
quired movements tend, therefore, to discredit the significance of 
analysis in the psychic life of animals. But the consciousness of rela¬ 
tions certainly requires a high degree of the capacity to analyze: the 
elements of similarity, difference, connection, and totality are with 
difficulty held by attention. The fact that animals to such slight 
degree analyze their experience is a strong indication, therefore, 
that they do not reason analytically. The presence of a faint con¬ 
sciousness of relation, nearly swam,»cd by concrete experiences. is 
however, not to be disproved by objective tests. Cerium acts of 
animals and of young children, reported by trustworthy observers, 
are indeed most naturally thus interpreted. Such arc the cases 
of Hachet-Souplet’s coali, who reached the eggs on a ugh shelf 
by drawing up a distant chair with a scarf twisted around its legs; 
and that of the child of fourteen months, who was observed to 
feel his own ears and then his mother’s, one day, when look,ng at 
pictures of rabbits.” * In the main, however, .t is fairly certain 


int? toSp c’/ "r°c fromS'naii: and who '•failed t her,after to pull oil a similar 

1 Panics. Amer. Jou, o, Psyckol. 1S97, vol. vm. pp. 

? H&MMet. Eramen WjW**- PP- 70 

« F. Tracy, The Psychology of Childhood, p. 41. 
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that animals react to situations as wholes, that they seldom or 
never analyze, that they consequently lack relational experience, 
which, of course, means that they reason —if at all — from concrete 
to concrete. 

The second fundamental disagreement among students of de¬ 
scriptive animal psychology concerns the question, do animals 
learn by the second sort of learning-consciousness; do they, in 
other words, possess the social consciousness involved in reflective 
imitation and opposition? The main reason urged by those who 
contend that animals do not imitate, in the social sense, is that 
imitation and its converse, opposition, involve the consciousness 
of one's self in relation to other selves, 1 and that animals are incap¬ 
able of self-consciousness. In the opinion of the writer, this posi¬ 
tion is entirely untenable. Animals, if they are conscious at all, 
must be self-conscious, for consciousness of any other sort is in¬ 
conceivable. To be conscious simply means to be conscious of 
one’s self, in this or that or the other situation. The only ground 
for questioning this view is, in truth, the old tendency to confuse 
the implicit self-consciousness of every experience with the definite, 
discriminated, reflective, self-consciousness of the psychologist or 
the philosopher. Self-consciousness, in the latter sense, is as im¬ 
possible to the animal as to the child, and is properly opposed by 
the ordinary argument: animals and babies, because incapable 
of abstraction, are therefore incapable of self-consciousness. But 
self-consciousness, as a vague, undifferentiated sense of what 
Hobhouse calls 11 self as a pervading identity and permanent 
character," 2 every animal which is conscious at all must possess. 3 
Indeed, all who admit, as most psychologists do, that animals 
possess the primal emotions of affection and aversion — not to 
mention sympathy and jealousy — thereby grant the self-conscious¬ 
ness of animals. 

It does not, however, follow, that the self-consciousness of ani¬ 
mals is cither as explicit or as complex as that of adult human 
beings. And, in particular, it does not follow that any animals 
have attained the explicit self-consciousness involved in reflect¬ 
ive imitation. The great majority of cases of alleged animal imi- 

1 There is not time to defend the position, here assumed, that imitation is pri¬ 
marily personal, thorn'll,secondarily, it may come to have an impersonal "copy." 

: <>P. rit., p. 312. 

3 Cl. Ilaclict-Souplot, Examcn psychologiquc des animaux, p. 81: “ Un chien 
cst assis sur un banc, je crie: Ici! il vient immldiatcment. Six chiens sc trouv- 
ent ass is sur un banc, et, parini eux, a pris place le premier . . . Je erio: Ici I 
sur le memo ton queprtfeddemment; aucun ne bouge. Chacun attend doneque je 
disc: Dick ! Tom ! ou Pompon 1 . . . ils savent qu’il existe d’autres chiens qu’eux. 
(’••la prouve clairement que lc chien a la notion de sa ptrsonnaliti .” Cf. also C. L. 
Merrick. The Beginnings of Social Reaction in Man and the Lower Animals, 
Jour, of Comp. A 'cur. and Psychol., April, 1904. And cf. Venvom. Protisten 
Studicn, esp. p. 210. 
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tation, for example, the imitations involved in the so-called social 
life of insects, 1 fall into two classes: they are either fortuitous 
repetitions of actions instinctive in a large group of animals,—and 
in this case, they are not in any true sense imitations, — or they are 
merely mechanical imitations, known as such by the observers, not 
by the performers, in which the action of one animal serves as 
direct stimulus of another animal’s act. Reflective imitation on the 
other hand, implies the purpose of the imitator to model his own 
act on that of another self. 2 Among recorded cases of animal imita¬ 
tion, Hachet-Souplet’s record of dogs who imitate the trainer’s 
voice, 5 and Kinnaman’s * account of his monkey’s imitation of its 
fellow, represent what seems most like reflective imitation; yet 
neither case is decisive. An objective test of imitation of this 
sort, and of the correlated experience, reflective opposition to other 
selves, would, however, be so hard to find, that it is not fair to 
deduce merely from the lack of proof the positive impossibility of 
the experience. It is still less justifiable to base an argument against 
the occurrence of animal imitation on the fact, 5 noted by Thorndike, 
that animals fail, often, to perform actions which the experimenter 
or a fellow animal has repeatedly performed in their presence. For 
in these cases, it is likely that attention, certainly a prerequisite to 
imitation, is distracted. 

A discussion of the scope of child psychology, were there time 
to introduce it, would follow a similar plan. The first question of 
child psychology differs, however, from the initial problem of ani¬ 
mal psychology. There is no reason to ask: What children arc 
conscious? For there is here no question of different species, but 
only of different individuals. In other words, it is generally ad¬ 
mitted that all normal human beings, at some period ot their de¬ 
velopment, become capable of both sorts of learning through in- 
dividual experience, first, learning by trial and error in dealing 
with concrete situations; second, learning by analysis of these 
same situations. It is admitted also that all normal human 
beings develop in the social fashion, by reflective imitation and 
opposition, both concrete and analytic. The basal question of gen¬ 
etic child psychology is, therefore, at what ago is a child proved to 
be conscious? The method of solving the problem has already been 
indicated. As that animal which reacts adaptively is thereby proved 
to be conscious, so a child is proved to be conscious at that age at 


‘ Cf. Wasmann, op. that imitation is primarily personal, cf. 

J. feraUo" the writer's „a I'^uCion to ***■ 

oloay, p. 341. 

* Op. tit., p. IOC. 


: pp. ^ 

Cf. Hobhouse, op. cU-, PP- 148 uq. 
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which it varies its response to the environment. The uncertainties 
of child psychology, it may be noted, — the problem, for example, 
of the age at which a child first reasons, and the problem of the 
origin, imitative or spontaneous, of the child’s language, belong 
mainly to the period of infancy when the occurrence and the nature 
of the child’s consciousness must be established-by objective tests. 
The more important domain of child psychology is, on the other 
hand, the study — supplemented by the introspection of the older 
child — of its relatively developed processes of thought, of its real¬ 
ized imitations of other people, and of its self-assertive oppositions 
to them. 

This address has aimed to suggest the scope and the limits of 
genetic and of comparative psychology. In particular, it has at¬ 
tempted: first, to vindicate the right to existence of genetic psych¬ 
ology, viewed as a science of developing selves; and second, to 
formulate and to apply a safe objective test for use in the com¬ 
parative study of consciousness. Incidentally, this paper can hardly 
have failed to show that the experimental method, already so 
fruitful in psychology, may be employed also to great advantage 
in the solution of genetic and of comparative problems, provided, 
first, that it be based on sound conceptions, and second, that it 
be applied in accordance with the claims of a rigid logic. 
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Gentlemen: I feel that it is a great honor to be called upon 
lo address the Section of Pathological Psychology in the St. Louis 
Congress. The United States has done much for psychology ; your 
magnificent laboratories, your important publications, and your 
eminent men who have devoted themselves in great "umbers to 
psychological investigation, have contributed abundantly to the 
development of the science. We are pleased to come and adnmo 
your work; we arc proud to bring to you the results of on. o«n 

‘TamlLTmore encouraged to present to you the greetings of 
i i .rict* nf France by the fact that \vc have been con- 
cerned^chiefly with the somewhat specialised topic of patholog¬ 
ical o'c abnormal psychology to which this S-*ion o,c Congress 

r to f r ,e tr“e :arar- 

"'unite Sey study on the one hand, the psychology of the nor- 
lufi or the individual who is be.ng^c.rmaJ 

and on the o.herh^ 

ratwTiS ^"e St influence of two of my masters, Ribot 
and Charcot, whose names I am pleased to recall to you have 
endeavored mther to throw light upon psych,atry by a study o f 
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normal psychology, and to regard mental diseases as experiments 
which have been cunningly devised by nature to show us such 
suppressions and modifications of function as the experimental 
method demands. Our psychological laboratories, situated as 
they often are in hospitals for nervous and mental diseases, as at 
the Salpetridre, at Ste. Anne, and at Villejuif, have endeavored 
to unite the psychologist and the alienist in a common investiga¬ 
tion. 

This union, alike in France and in other countries where it has 
also been accomplished, seems to me to have been advantageous 
to both sciences. In psychiatry it has to some extent turned the 
investigator aside from investigations which are actually useless 
because they cannot be utilized. One is scarcely able, even to-day, 
to make a complete classification of mental disorders from a single 
point of view as is required by logic. As Ziehen has remarked, 
mental diseases are classified differently from the standpoint of 
symptoms, of etiology, of evolution, and of pathological anatomy. 
Moreover, it must be confessed that we do not know the real causes 
of mental diseases; and it is bootless to disguise our ignorance by 
a cloak of philosophical speculation or of hypothetical anatomy. 
The pathological psychologist has recognized that he must begin 
at the beginning. He has endeavored to penetrate more thoroughly 
and more sympathetically into the mental states of the diseased; 
he has attained greater accuracy in the analysis of symptoms; he 
has observed and, so far as possible, has measured the alterations 
of psychical function. In short, psychological experimentation has 
introduced into psychiatry a rehabilitation and a refinement of the 
clinical method. 

The older psychology, permeated as it was throughout with 
philosophical speculation, claimed to find that the mental states 
were as simple and as unchanging as its theories. It studied memory 
in general, reason in general, the theoretical and abstract will, 
without first taking up the question as to what constitutes memory, 
reason, and will in a particular individual, under particular con¬ 
ditions, at a particular age, in a particular state of health. The 
investigation of pathological conditions has forced it to recognize 
that these phenomena are not fixed and immutable; it has come 
to see that they wax and wane, that they are subject to change, 
and that a multitude of degrees are represented in their develop¬ 
mental transformations. Psychology has thus been led to seek, 
even in the normal individual, for those changes and oscillations 
which it has found to be characteristic of the abnormal individual; 
it is no longer abstract, but has become a more real and living 
thing. If one may use the expression, it has ceased to be purely 
static, and has become dynamic. The study of the oscillations of 
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mind which have been brought to light by pathological psycho¬ 
logy, has called attention to a group of phenomena which can 
scarcely be classified among the older faculties, and have been 
neglected as being of no significance — the phenomena of fatigue, 
of sleep, of the emotions, of the various forms of intoxication, of 
the neuropathic disorders. It has also called attention to the oppo¬ 
site modifications which occur in repose, in the waking state, in 
calmness and sang froid, and in convalescence (even though it be 
but temporary). These modifications constitute the most apparent 
oscillations of mind. Permit me to lay emphasis upon these de¬ 
pressions and these excitations, and to remind you of the inves¬ 
tigations which have been made in this connection. These topics 
are of even greater significance; they represent the most import¬ 
ant of the present problems of pathological psychology. 

One of the first modifications of mental states to which I wish 
to call attention, is illustrated by the semi-normal, seini-patho- 
logical condition which is induced by fatigue. It is a familiar fact 
that the physical and mental being does not always maintain a 
constant condition; that it is incapable of manifesting uniform 
phenomena when submitted to prolonged effort; that its func¬ 
tions vary from the beginning to the end of a period of work. And 
the change induced is essentially of the same character whether 
the work be physical or mental. The investigation of mental 
fatigue dates from an early period. You doubtless recall an old 
observation by Holland which has been cited by Ribot. 1 “An engin¬ 
eer relates the following experience: ‘When I was down in a 
mine, I felt myself overcome by fatigue and lassitude to such a 
degree that I found it impossible to converse with the German 
inspector who accompanied ine. Every word, every phrase of the 
German language had escaped iny memory, and I recovered them 
only after taking nourishment and rest.’” Here we have a first 
well-marked opposition between the normal state and the state 
of fatigue. Oppositions of this sort have been the object of numer¬ 
ous investigations, among which may be mentioned Galton's in¬ 
teresting study of the influence of fatigue and overwork in schools, 
the investigations of a great many German authors, instigated 
for the most part by Kraepclin, the remarkable observations of 
the French physician Tissid, who made a physiological and psych¬ 
ological examination of the contestants in various forms of ath¬ 
letic sports, the investigations of FM, of Binct and Henri, etc. 
All of these investigations show the presence of modifications of 
constant character. 

It is to be noted, first of all, that an apparent exaggeration of 
1 Ribot, Maladies de la M(moire, p. 114. 
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function occurs with the advent of fatigue. This functional change 
makes its appearance in the form of a physical agitation, or in 
other words, an exaggeration of movement. Galton found signs 
of fatigue when he examined the posture of a subject to whom a 
difficult passage was being read aloud. The fatigued auditor yawns, 
stretches himself, shifts his position, and contracts certain facial 
muscles. In school-children one may observe movements of the 
eyebrows, of the lips, of the forehead, and of the fingers; and if 
the degree of fatigue be increased, these movements soon pass 
over into chorea and tics. Experimental investigations, such as 
those of Sommer and Bettmann, have revealed the presence of a 
modification of the reflexes and an increase in the number of tremors 
in the ergographic curve. Pathological investigations have shown 
an exaggeration of the reflexes, an extension of innervation to 
the unused muscles, an involuntary laugh, a muscular tremor, 
and spasms of various sorts, etc. The agitation induced by fatigue 
may also be visceral; I cannot lay too much stress upon the spasms 
of the digestive organs, the changes of respiratory rhythm, the 
profuse perspirations. The agitation may even be mental; Galton 
observed irritability, ill-humor, a tendency to magnify small things; 
and more recently, attention has been called to various forms of 
fancies which take possession of the mind and even degenerate 
into pathological obsessions. 

The subject is well aware that something abnormal is taking 
place within him; he is conscious of certain abnormal sensations. 
Galton emphasized the feeling of incapacity which increases with 
increase of fatigue; Oehrn, in 1895, and more particularly Tissi6, 
laid stress upon the feeling of weariness as a characteristic symp¬ 
tom of fatigue. These phenomena are observed alike in bicyclists, 
in children who do mental work, and in subjects who repeatedly 
perform an experiment. These feelings correspond to something 
which is perfectly real; it is possible to demonstrate in various 
ways that a decrease of mental function runs parallel with the 
agitation. Whether we examine the subject’s penmanship, or 
measure his capacity to insert a needle into holes in a perforated 
plate, — as I did in 18S9, and as Bryan has also done, — we invari¬ 
ably find a lack of dexterity, a lesser precision of movement. The 
diminished rapidity which is found to be characteristic of reac¬ 
tions and of all sorts of motor adjustments has been demonstrated 
innumerable ways (Kraepelin, Oehrn, Burgerstein, Vaschide, 
liinet and Henri, etc.). On the other hand, attention and power 
of apprehension also decrease in considerable degree; and one 
finds an increase in the number of errors in tasks whose accom¬ 
plishment depends upon automatic mental processes or the mech¬ 
anical association of ideas (Cattell, Finzi, Sikorsky, Ilopfner, 
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Burgerstein, Laser, Thorndike, Binet). The memory undergoes 
a change, as we saw from the illustration cited by Ribot; acquisi¬ 
tion becomes more difficult- (Ebbinghaus, Finzi, Schneider); the 
power of recollection, the certainty and the correctness of response, 
decrease (Ranschburg), and certain classes of memories disappear 
entirely as I have several times shown. The disturbance even 
extends to perception (Grote, Marine. Griesbach, Leuba). All of 
these phenomena are in striking contrast with those that occur 
in repose. This opposition between the mind in the state of rest 
and in the state of fatigue, is of prime importance for pathological 
psychology. 

Similar phenomena are to be observed in the various forms of 
intoxication; here, too, is to be seen an interesting opposition be¬ 
tween the mental state of the intoxicated and of the non-intoxi- 
cated individual. Numerous investigations, such as those upon 
haschish by Moreau de Tours, those upon alcohol by Richet, and 
many others, have established phenomena which are analogous 
to the phenomena of fatigue. But I wish to direct your attention 
to a class of investigations which has reached a high degree of de¬ 
velopment in France — those of sleep, or rather of sleeps, for there 
are many states to which this general name may be applied. 

Sleep is a type of oscillation which is particularly deserving of 
notice in this connection, because it is a wholly relative condition; 
its phenomena can be determined only in relation to the waking 
state. An essential characteristic of sleep is the fact that it is 
attended by a lesser activity of the vital functions. It is not enough 
to say that sleep is a state in which the temperature of the body 
averages 36°, the pulmonary expiration is two liters, and the pulse 
is 54. One must add that these phenomena occur in an organism 
which is capable when in another condition, of having a tempera¬ 
ture of 37°, a respiration of nine liters, and a pulse of 70. It may 
be said that the organism is unable to keep up its more active form 
of existence continuously, and that it practices economy during 
a part of its life. Nor is the oscillation solely physiological; it is 
mental as well. Dreams are the thoughts of the sleeping man. I 
need not remind you of all the investigations of dreams which 
have been made from the time of Hervey de Saint-Denis and of 
Charma, down to the recent publication of Sante de Sanctis. Let 
me mention, however, that dreams are attended by a mental agita¬ 
tion which manifests itself in hallucinations, and in a ready asso¬ 
ciation of images which arrange themselves into tableaux with 
interminable kaleidoscopic changes. Sense-impressions of slight 
intensity give rise to compLx dreams of similar modality (Maury, 
Sergueyeff, Mourly-Vold). These dreams are characterized by ex- 
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aggeration and repetition; the Cartesian flea-bite becomes a sword- 
thrust, and a trifling weight seems an Etna upon the chest. The 
same dream recurs countless times with wearying monotony. The 
memory of experiences long since past is vivified; the instincts 
and the habitual tendencies have free play and develop immoder¬ 
ately; even the hereditary tendencies may intervene in intense 
degree. It is true that the dreamer may feel that it is all unreal 
and fictitious, but he is carried along by the turbulence of his 
imagery, and he frequently experiences the most violent emotions 
from his images. 

Side by side with this exaggeration of certain mental functions 
there occurs a diminution of other mental functions; and some 
of the latter are most peculiar and extremely characteristic. It 
is evident that the consciousness of personality is disordered, and 
that a duality of personality tends to rise. Charma and Delboeuf 
report dreams in which a school-master asks them a question; 
they are unable to answer, but a school-inate rises at their side and 
to their astonishment gives the correct answer. In another case 
the dreamer says to a child, “Be careful that you do not tumble,” 
and he himself slips. Thereupon the child replies, “Why don’t 
you follow the advice which you give so freely to others?” Again, 
a dreamer who has a pain in his head meets a child who is also 
suffering from headache, and asks the child to suggest a remedy. 
Will and attention are wholly lacking in dreams. There is no real 
adaptation either to internal, to external, or to future conditions. 
There is no resistance, no control, no criticism. 

I should like to mention a particular form which the diminution 
of attention assumes in dreams. Several authors (Egger in France, 
Schneider in Germany) have pointed out that in dreams only the 
centre of the mental picture is illuminated; the outlying parts 
are invisible, or rather they are non-existent. The pictures appear 
without any setting. And it is just this absence of surrounding ob- 
iects, i. e of environment of thought, which explains the absence of 
comparison and criticism that is characteristic of dreams. 

The study of one’s memory of dreams reveals other interesting 
characteristics of the enfeeblement of attention. In the first place, 
dream-experiences do not become firmly fixed upon the memory. 
When we awake, we fail to remember what we have dreamed, and 
dreams which do not recur are forgotten as soon as they take place. 
This is the form of oblivescence which, in another connection, I have 
called continuous amnesia, 1 and it is interesting to note that it is to 
be found in dreams. But there is an even more peculiar feature; 
Del age, do Sanctis, and Pilcz have observed that the striking events 
• f.d the intensive emotions of the day do not reappear in the dreams 
‘ Nhrosea et idfes fixes, 1898, i, p. 109. 
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of the following night. The mother who has just lost a child is sur¬ 
prised to find that she does not dream of her loss, although that 
subject has occupied her mind all day long. The memory of the lost 
child may appear in her dreams, but not until some months or some 
years afterwards. These authors furnish different explanations of 
this fact, which need not be discussed here. Let us remark, however, 
that the oblivescence of recent experiences is well known under the 
name of retrogressive amnesia. In this disturbance, as in dreams, 
events reappear in memory only after they have long since been 
experienced. 1 By way of summary, we may say that dreams are 
characterized by a narrowing of the field of consciousness, by con¬ 
tinuous and by retrogressive amnesia. 

Other phenomena which are equally semi-normal and semi- 
pathological, appear in the emotions. When an individual finds 
himself suddenly placed in a position to which he is not already 
adapted by previous habituation, when he lacks the time or the 
strength required to adapt himself to the new conditions, he ex¬ 
periences certain forms of physical and mental perturbation which 
are of prime importance. In this country where the James theory 
of the emotions was developed, I need not discuss the emotional 
value of the visceral excitations. The increase of heart-beat and of 
respiration, and the spasms of the digestive organs, are well-known 
features of the state of emotion. It is also known that hunger assumes 
an exaggerated form in emotion, a phenomenon which in all prob¬ 
ability gave rise to the custom of feasting at funerals. These 
internal excitations extend to the muscles of the members, and in 
many emotions one may observe an indefinite repetition of violent 
and useless movements, grimaces, and convulsive contortions of all 
sorts. Numerous authors have been pleased to find in these inco- 
ordinated movements a trace of more or less complete acts which 
are inhibited in their initial stages in the modern subject; that is, 
to regard them as vestigial products of movements which attained 
complete execution when our human or animal ancestors were 
exposed to similar conditions of stimulation. Stanley Hall’s and 
Dewey's investigations of anger give us a great deal of information 
upon this point. Moreover it frequently happens that the tics, the 
various forms of tetanus, and the impulses to flee or to cry out, 
remain undeveloped in the presence of emotional states. 

But we must not confine ourselves to the peripheral manifesta¬ 
tions of emotion. The weak point of the famous theory is to be found 
in the dictum that “ Wc are sorry because we cry”—an objection 
which has been urged by many authors (Irons, Gardiner, Soury, 
Dearborn, Sherrington, Baldwin, and others). Side by side with 
1 Cf. Ntvroses et idtt* fits, pp. 149. 192. 
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these motor phenomena, which have quite correctly been called 
extra-motions, there occur intra-motions which constitute modi¬ 
fications of consciousness; and these psychical resultants are no less 
important than their physiological concomitants. Emotion is 
attended by a mental agitation just as it is attended by a physical 
agitation. A multitude of ideas surge into consciousness and disturb 
the equilibrium. Some years ago, attention was called to a phenom¬ 
enon which has since been referred to as the hypermnesia of the 
dying. Those who have escaped from imminent danger report that 
at the moment of impending death they saw before them, as in 
a panorama, the chief events of their lives. This is simply a case 
of the phenomenon of hyper-ideation which characterizes many of 
the emotions. Dreams, muttering in somnambulistic states, hallu¬ 
cinations, and even indefinite interrogations are only an exaggerated 
form of the phenomena observed in the normal individual who 
talks to himself of an event which has made a violent appeal to his 
emotions. 

Then, too, the emotions are characterized by feelings which are 
analogous to those already discussed — feelings of weariness and of 
powerlessness. The subject’s personality undergoes a change; he no 
longer feels like himself, and even the external world loses its reality 
in greater or less degree. 

Depression is no less a feature of emotion than is agitation. The 
depression may be visceral; it may manifest itself in a diminution 
of circulation or of respiration (which in emotion as in sleep assumes 
the intermittent type of Cheyne Stokes), 1 in impairment of digestion, 
and in gastro-intestinal debility. It may be motor, and eyince 
itself in all the forms of weakness and paralysis which are found to 
attend certain emotions. A passage from Tolstoi which has been 
cited by Dumas in his book on La tristesse et la joie, furnishes an 
excellent illustration of this feature: “The assassins could easily 
have escaped from the scene of their crime, but they were so over¬ 
come by emotion, so enfeebled in all their limbs, that they found 
themselves incapable of flight. Feeling wearied as though by a long 
walk, they lay down upon the road, nnd there they remained until 
they were arrested.” The mental depressions are particularly inter¬ 
esting. Popular observation noticed long ago that the individual, 
when overcome by emotion, is 11 not himself,” that he is “ beside him¬ 
self.” And I have shown on numerous occasions that the character¬ 
istic- which have been acquired by education and moral develop¬ 
ment may suffer a complete change under the influence of emotion. 
People who have learned to speak .correctly revert to dialect or 
resume a foreign accent when they are deeply moved. Their writing 

1 The rhythm of Cheyne Stokes, determined by emotion. ComjtUa rendua du 
IV Congrcs dc Psychologie, 1901, p. 924. 
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becomes confused, clumsy, boyish, and full of defects; their whole 
character becomes coarse and debased. These general depressions 
are analogous to more definite disorders, and here again the disturb¬ 
ances of memory must be mentioned. Oblivescence of the event 
which occasioned the emotion, and inability to remember facts 
which immediately preceded, have frequently been found to accom¬ 
pany intensely emotional experiences in the form of continuous 
and retrogressive amnesia. 1 But it must not be thought that these 
phenomena are merely pathological caprices. They are an exag¬ 
gerated form of a general disturbance of memory which is charac¬ 
teristic of all emotions. 

In his celebrated book on Mind and Body, Hack Tuke remarked 
that emotions frequently render the subject insensible, and he 
reported having seen subjects become blind and deaf as the result 
of violent emotion. I too have described many similar observations 
and they have now become a commonplace. These disorders of 
sensibility and memory are analogous to certain disturbances of per¬ 
ception and attention; and the analogy holds alike whether the 
object of apprehension be one’s self or whether it be the external 
world. As to will, there can be no doubt that it disappears in the 
depressive emotions and that the subject, when under intense emo¬ 
tion, is unable to decide what to do; indeed he even loses the power 
to act upon previous decisions. Hence one may well ask whether 
the mental commotion is not a more important characteristic of the 
emotion than is the visceral change. And one seems justified in 
regarding the consciousness of an emotional state as being something 
more than a mere counter-effect of peripheral disturbances. These 
intellectual modifications, these losses of memory, these lacks of 
decision, these doubts, these failures to see reality as it is and to 
react upon it as one has previously learned to do, together with the 
feelings of depression which result from the changed mental con¬ 
ditions, constitute, in my opinion, the essential feature of emotion; 
and the sensations which arise as a "back-stroke” from the 
peripheral disturbances are nothing more than a reinforcement, like 
the added tone in the chord. 

It is a remarkable fact that certain emotions are attended by 
effects which are diametrically opposite to those just described. 
This second type of emotion may induce calmness, strengthen the 
visceral functions, arrest the useless mental agitation and replace 
it by an increased activity of attention and will. This improved 
condition of attention and will strengthens the tenacity of memory; 
it gives rise to valid representations of reality and to effective 
reactions upon one’s environment. There are emotions which 

1 Cf. L'amn/sis et la dissociation dcs souvenirs par V(motion. Journal de psycho¬ 
logic normals el palhologigus, September, 1904. 
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elevate as well as those which depress, emotions which heal as well 
as those which destroy. And here again, as in fatigue and in repose, 
in sleep and in the waking state, we find a remarkable illustration 
of the oscillations of mind. 

Let us now leave those phenomena which may be regarded as 
normal and examine the characteristics of mental diseases. Here 
we shall find phenomena of exactly the same sort as those which 
have already been discussed. Pathological psychology owes much 
to the study of hysteria. That hysteria is characterized by phenom¬ 
ena which are analogous to those which have been established in 
fatigue, in the sleeps, and in the emotions, is clearly evident from 
the different theories of hysteria which have been advocated. Cer¬ 
tain investigators have insisted that hysteria is a purely emotional 
disturbance (the old theory of Briquet). Others have held that 
hysteria is a sleep-disease — a neurotic disturbance which is due to 
an excess of sleep (Sollier). Others, again, find an analogy between 
hysteria and fatigue, and make the former the effect of an excessive 
degree of the latter (as F6r6 did in 1885). As for myself, I am an 
out-and-out eclectic; I believe that hysteria is a disorder of emo¬ 
tion, of sleep, and of fatigue, because all of them are at bottom 
precisely the same thing. In hysteria one may observe the same 
intensely exaggerated agitations as are to be found in convulsions, 
crises, spasms, hallucinations, and in all other cases in which ideas 
develop automatically as a result of suggestion. One may observe 
the same feelings of weariness, of powerlessness, and of automatism. 
u I can see my arms and my legs moving, but it does not seem to be 
myself. I am a marionette and somebody is pulling the string." 
One may observe especially the same depressions and the same 
inefficiency of the higher cerebral-functions. Permit me to recall my 
investigations upon aboulia, aprosexia, and amnesia in hystericals.? 
If an act is even moderately novel, if a situation presents a problem 
to l)e solved, the hysterical remains inert and powerless. 

It is a remarkable fact that the disturbances of mental synthesis 
which occur in hysteria bear a close resemblance to the oscillations 
of mind which have already l>een described. For example, sugges¬ 
tion. which plays so important a role in this disease, can only be 
explained from the absence of antagonistic ideas which might 
counteract the idea suggested. This fact shows that the idea re¬ 
timin' isolated in the mind of the hysterical, that it develops in the 
mi.t.-f ;>f a void, that the picture is not inclosed in a frame. And 
this is exactly what has been found to be characteristic of dreams. 
The anesthesias, and frequently the paralyses, of the hysterical, 
consist of a reduction or narrowing of consciousness which is 

• 'The Mental State of Hystericals, translated by C. C. Corson, 1901, p. 117. 
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no longer able to make a simultaneous fusion of all the sensations 
and all the images which come in from without. This is well ex¬ 
plained from the remarkable facts which relate to the transference, 
or better, the equivalence of phenomena in hystericals. One symp¬ 
tom gives place to another, one paralysis is cured and another 
supervenes, as though the mind were incapable of constituting a 
single system, and could resume control of one side of the body only 
at the expense of losing control of the other side. In hysteria we 
again find interesting disturbances of memory — continuous and 
retrogressive amnesia — which are identical with those that occur 
in dreams and in emotion. It is a familiar fact that at the end of 
an emotion we find that we have forgotten the preceding events, 
and we are incapable of acquiring the memory of new events. But 
hysteria is nothing more than this; and that is the reason why an 
endless discussion has arisen as to whether the hysterical is not merely 
an individual who has been overcome by emotion, and as to whether 
traumatic neurosis is not simply hysteria. The narrowing of the 
field of consciousness seems to me to be the characteristic form 
which the mental depression assumes in hysteria; and it is of the 
same sort as that which one finds in sleep, in fatigue, and in emotion. 

Let us now consider another disease which I have studied these 
many years, and which I have discussed in my most recent volumes. 1 
Let us take a glance at the innumerable disorders which have been 
designated obsessions, impulsions, insanity of doubt and of touch, 
tics, phobias, etc. No matter how various their symptoms may 
appear, it is possible to find certain fundamental characteristics 
which are common to all of these diseases. Motor, visceral, or 
mental agitation manifests itself in unmistakable form in all of 
these crises of motor agitation, these contortions and ties of all 
sorts, and in the anguish which constitutes the essence of all the 
phobias. Everybody knows the peculiar mental agitation of those 
abnormal individuals who busy themselves incessantly with some 
insoluble problem; who spend whole days in an endeavor to re¬ 
member what they did at a certain hour on a certain day ten years 
ago; who exhaust themselves in attempts to understand why trees 
are green, or why people have noses; who try to count all the objects 
they see, or to atone every act by an appropriate exorcism. 

All of these agitations seem to have their source in certain feel¬ 
ings which are extremely varied and interesting. I shall mention 
only the most familiar forms. In connection with all his acts the 
subject experiences feelings of difficulty, of inutility, of incapacity, 
of indecision, of uneasiness, of automatism, of domination, of dis¬ 
content, of humility, of shame, of intimidation, and of revolt. In 

1 Obsessions et psyehasth < nit, 1903. 
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connection with his intellectual operations he has feelings of diffi¬ 
culty, of insufficiency, of instability, of imperfect perception, of 
gloom, of strangeness, of jamais-vu, of mal-orientation, of isola¬ 
tion, of mal-recognition, of dijd-vu, of presentment, of unreality, of 
dreaming, of the lapse of time, of lack of intelligence, of obscurity, 
of doubt. In connection with his emotions there occur feelings of 
indifference, of weariness, of anxiety, of ambition, of need of excite¬ 
ment. In connection with his personality, one may note feelings 
of self-estrangement, of double personality, of depersonalization, of 
death, etc. 

These feelings are far from being fictitious; they are based upon 
a real depression of the physiological and psychological functions. 
It is possible to establish real disorders of will which are manifested 
in indolence, irresolution, slowness, enfeebled effort, fatigue, failure 
of achievement, absence of resistance, misoneism, social aboulia 
with insurmountable timidity, professional aboulias and inertias 
of all sorts. One may establish disorders of intelligence which are 
manifested in amnesias, doubts, arrests of instruction, unintelli¬ 
gibility of perceptions, inattention, reveries, and veritable eclipses of 
mind. In connection with the emotions one may note indifference, 
melancholy, need of loving and of being loved, fear of isolation, 
and a return to childhood. 

It is quite probable that depression phenomena similar to those 
just discussed, and that feelings of imperfection similar to those just 
summarized, are fundamental to many of the deliriums. In the 
delirium of persecution there are many phenomena of this sort, 
along with disturbances which are vaguely designated disorders 
of the general sensibility, and which characterize the first period of 
inquietude. 

If these symptoms of depression—the motor retardation, the 
difficulty of apprehension and of association — become aggra¬ 
vated, one finds various forms of melancholia, whose interpre¬ 
tation constitutes an important problem of pathological psycho¬ 
logy. Indeed, it is the chief problem as Kraepelin and his pupils 
have pointed out. Certain of these depressions are definitive and 
irreparable; they terminate more or less rapidly in one or other 
of the forms of dementia. Other depressions are transitory and 
curable. Is it possible to distinguish them from the outset? That 
is. at the present time, one of the most important practical pro¬ 
blems. 

It is r. remarkable fact that almost all of the depressions which 
we have discussed — hysteria, psychasthenia, as well as melan¬ 
cholia — may, under certain circumstances, disappear or change 
into the opposite condition. We may designate this change as an 
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excitation in order to distinguish it from the previous agitation 
which accompanied the depression. An hysterical subject may find 
herself changed as the result of a crisis, a somnambulism or a sug¬ 
gestion. “I am no longer the same,” she says, “I feel new life. 
My head seems new." She is impressed by the fact that she per¬ 
ceives things much more distinctly than before. "I seem now to 
see the present objects for the first time. I saw them before, it is 
true, but they appeared to be in a distant fog. It is only now that 
I really recognize them." These feelings extend to other functions; 
it seems to her that she breathes more freely, that her arms and 
her legs are stronger, but at the same time she has a much more 
intensive feeling of fatigue. The subject's conduct has undergone 
a complete change; she sets to work; she resumes her trade with¬ 
out ennui and even with interest. She is capable of making what¬ 
ever coordinations are necessary, while in her previous condition 
she remained passive and inert for an indefinite period of time. 
Her sociability and her natural feelings return to full activity. I 
have elsewhere described changes of this sort in connection with 
the influence of hypnotism, and the necessity of direction in hys- 
tericals. 1 

It is to be noted that these changes appear in exactly the same 
form in psychasthenic subjects, as the result of certain emotions, 
as the result of acts which they have been made to perform, or 
simply in consequence of exhortation or advice after their con¬ 
fidence has been won. Their disorders of perception, their doubts 
as to the reality of things and of themselves, disappear, and are 
replaced by feelings of certainty which delight the subject beyond 
measure. He comes to know himself again, and he experiences 
deep feelings of emotion, of joy and sorrow, to which he lmd for¬ 
merly been a comparative stranger. This change is accompanied 
in many cases by feelings of joy and delight which it is very im¬ 
portant for us to know if we are to understand the mental states 
of certain religious ecstatics which science is only now beginning to 
analyze. 

I can only indicate the most striking phenomena which I have 
observed in connection with the influence of toxines in determin¬ 
ing these periods of excitation. Of prime importance for the theory 
of these diseases is the fact that the fever induced by an inter- 
current disease frequently suffices to cause the disappearance of 
depression and of all disorders depending upon it. I have called at¬ 
tention to certain curious cases in which the development of phthisis 
has brought about a cure of mental diseases. Women who have 
been subject to obsessions or agoraphobia for twenty years without 
interruption, regain their calmness and moral assurance during 

• Ntvroses el idtea fixes, 1898, I, p. 423. 
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the last months of their lives, when the progress of tuberculosis 
induces a slight degree of continuous hectic fever. But what I 
wish to emphasize here is the simple fact that all the symptoms 
of depression may disappear and give place to an opposite con¬ 
dition. 

This is still more evident in the melancholic states of which we 
have just been speaking. It is known that melancholia may give 
place to a state of more or less normal excitation in which many 
of the preceding phenomena are reversed. This is what the older 
French alienists (Morel, Bail larger), and more recently Ritti, studied 
under the name of intermittent insanity, circular insanity, and 
insanity of dual form. This too is what the German alienists are 
taking up again under the name of depressive insanity, to which 
they rightly ascribe a great importance. The physiological and 
the mental conditions presented by these two contrary forms which 
alternate in the same individual were carefully investigated by 
Dumas in his work on La tristesse et la joie. It would, in my opin¬ 
ion, be most desirable to analyze the states of mental excitation 
with the same care as has been given to the states of depression. 
It would be well to discover if the apparent exaltation of mind is 
real, to determine what pathological phenomena it manifests, and 
to ascertain whether it can, like depression, become the starting- 
point of delirium. It is at least certain that depressed subjects 
believe the ascending oscillation to be possible, that they desire 
it, and that they make every effort to attain it. Many of the impul¬ 
sions are due to this fact. Dipsomania is in reality a crisis of de¬ 
pression in which the subject feels the need of being excited by 
means of a poison whose effects he knows only too well, t. e., by 
alcohol. And there are many impulsions of the same sort. 

The phenomena which we have just passed in review, are un¬ 
questionably of very different sorts; an analysis of their charac¬ 
teristics, and a study of the conditions of their development, leads 
one to distinguish the fatigues, the sleeps, and the emotions from 
ono another. I myself have done enough in the way of distinguish¬ 
ing the hysterical from the psychasthenic states, and even of dif¬ 
ferentiating their various varieties, to escape the charge of con¬ 
niving them. But however important these distinctions may be, 
i* must be recognized that all of these facts possess certain features 
in. no- mon. which indicate the existence of a general law. These 
cu'.mnen characteristics, which. I repeat, manifest themselves in 
very different forms in the different cases, may be divided into 
three groups. In the first place, there are phenomena of motor 
visceral or mental agitation; then there are the specific feelings 
for which 1 have proposed the name “ feelings of incompleteness, 
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(incompUtude);’' 1 and finally there are the phenomena which are 
characteristic of depression, of diminution of physiological, and 
especially of psychical functions. In states of excitation one finds 
the three groups of phenomena occurring in inverse form, — the 
phenomena of agitation disappear, feelings of incompleteness are 
replaced by feelings of satisfaction, and the physiological and psych¬ 
ical functions undergo an elevation. Of these three groups of 
facts, the third, which is constituted by diminution and augment¬ 
ation of function, seems to me to be by far the most important 
and the most necessary for us to attempt to understand. 

How are we to envisage these transformations which are still far 
from being understood? It will suffice to summarize them in the 
form of a general hypothesis which may serve at once to r6sum6 
a great many facts, to provoke discussion, and to instigate investiga¬ 
tion. The phenomena which we have passed in review testify to the 
fact that the various functions of the nervous system arc not all 
of equal difficulty. Certain functions are more facile than others, 
and require a lesser amount of nervous energy for the production 
of their mental phenomena. These functions seem to be arranged 
in a hierarchy of increasing degrees of difficulty; for when a nerv¬ 
ous system loses or regains its strength, its functions disappear 
or reappear in a regular sequence. The functions which are the 
first to disappear are evidently the most complex, i. e., those which 
are concerned with the synthesizing of a great number of sensa¬ 
tions and images. We must therefore take account, as has been 
done particularly in England since the work of Hughlings Jack- 
son, of the order of development of cerebral centres and cerebral 
functions. The functions which are the last to be developed in the 
race and in the individual are evidently the most complex and 
difficult; they will naturally be most readily affected in fatigue, 
in sleep, in emotion, and in diseased conditions of the nervous sys¬ 
tem. Finally, I believe that these two notions may be united by 
the introduction of an additional conception. The mental opera¬ 
tions which are at once most difficult of accomplishment and most 
recent in origin are those whose function it is to bring the indi¬ 
vidual into relation with the given reality of the moment. They 
are most complex because reality is in touch with us at so many 
points, and most recent because the world about, us is constantly 
changing. Evolution is not a thing of the past alone; we are con¬ 
stantly called upon to adapt ourselves to new situations, and to 
evolve new organs and new functions as our animal ancestors did 
in developing to our present condition. Now, one can readily see 
that it is just the adaptation to the present reality, the reaction 
upon reality, the feeling and enjoyment of reality, which disap- 
1 Obtusions ct psychasthinie, 1903, i, p. 204. 
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pears in all depressions, and which, on reappearing in the subse¬ 
quent excitations, gives rise to feelings of joy and gladness. 

Below these highest functions are to be placed those mental 
operations which occur when present reality is to a certain extent 
ignored, and the present reaction consists in an automatic repe¬ 
tition of the past. “I must not pay attention; my work will not 
proceed satisfactorily if I become absorbed in it.” Still lower down 
we must place the abstract mental operations; these have to do 
solely with few and non-complex images, nor are they concerned 
with new adaptations. It is a mistake to suppose that abstract rea¬ 
soning, imagining, and remembering are the highest mental opera¬ 
tions. These are of value only when they are engaged upon the 
(concrete) present; so soon as they become abstract, they cease 
to be difficult, and prove to be most commonplace achievements. 
A high degree of development of purely representative memory is 
frequently attained by savages, by children, by the feeble-minded, 
and by the insane. Still lower down, we would have uncoordinated 
visceral excitation, such as is present in the emotions, in the un¬ 
coordinated motor agitations, in tics, and in convulsions. 

In short, the mental functions disappear more readily in pro¬ 
portion as their coefficient of reality is higher, and persist longer 
in proportion as their coefficient of reality is lower. Thus from 
the point of view of knowledge and of action, or of their corre¬ 
spondence with each other (Spencer), the mental functions con¬ 
stitute a series of decreasing difficulty, according as their relation 
to reality diminishes. If we consider these conceptions in connection 
with the philosophical views of Spencer, Hoffding, Ribot, and Bergson, 
they throw light upon many of the observations and experiments 
of pathological psychology. 

If this is true, one can understand that there are degrees of psych¬ 
ical tension, and that to these different degrees there correspond 
modifications not only in the intensity, but also most interesting 
modifications in the quality or nature of phenomena. The degree 
of psychical tension or of elevation of mental level is indicated by the 
place in the hierarchy which is occupied by the highest phenomena to 
which the subject can attain. Confidence, perception of reality, and 
reaction upon reality, require the highest degree of tension; these 
are phenomena of high tension. Reverie, motor agitation, and 
visceral agitation require much lesser degrees of tension; these 
may be regarded as phenomena of low tension, corresponding to a 
lower mental level. 1 The changes in psychical function which we 
have observed may then be summarized by the conception of a 
definite lowering or elevation of psychical tension, by the conception 
of an oscillation of mental level. 

1 Obsessions et psychasthenic, 1903, I, pp. 499 ff. 
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If we put this interpretation upon the essential fact of depression, 
the feelings of imperfection are only the expression in the mind of 
the subject, of a real lowering of the mental level. The apparent 
agitation seems to me to be a sort of derivative; the psychical 
tension, since it is not employed upon the higher mental phenomena 
which it is no longer capable of producing, is expended upon lower 
phenomena; and it may now give rise to a veritable explosion of 
phenomena which are infinitely numerous and powerful, but which 
always occupy an inferior place in the hierarchy. 1 These feelings 
and this derivation will disappear when the higher phenomena 
have again become possible in the opposite state of excitation. 

This rapid sketch shows us what has been the direction taken 
by the chief investigations of pathological psychology. We have 
summarized the results of numerous investigations which have 
already been made, and have indicated the trend of those that are 
to come. What problems are set for us to solve by the notion of an 
oscillation of the mental level? What phenomena are characteristic 
of the depression and of the reelevation (excitation) of the level? 
In other words, what precise position in the hierarchy is occupied 
by each mental function? A rapid association of ideas, and a de¬ 
velopment of automatism do not always indicate an elevation. 
There are agitations which coincide with depressions, and which 
may be regarded as a sort of derivative. How does the derivation 
come about? How do the phenomena belonging to a lower level 
replace a vanished phenomenon of a higher level? What are the 
characteristics of excitation, which has been studied much less 
than depression? What factors determine these two groups of 
phenomena? How does it come that in different diseases these 
phenomena appear now in one form, now in the alternate form? 
What is the mental result of the indefinite prolongation of a stuto 
of depression or of excitation? The answers to these questions will 
doubtless some day help us to solve the difficult problem of the 
classification of mental diseases. Finally, is it possible to discover 
therapeutic agents, whether physical or mental, which will act 
upon the oscillations? Our knowledge upon all of these points is 
still in a rudimentary stage. But it seems safe to assert that the 
notion of the elevation of mental levels is beginning to assume a 
definite form; and that it has opened up to us an important chapter 
of pathological and of normal psychology. 

• Obsessions el p*ycha*thtnu, l, p. 994. 
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To discuss the present problems of abnormal psychology without 
acknowledging the debt we owe to the distinguished psychologist 
who has addressed us to-day would be as impossible as it would be 
ungrateful. One may be permitted to question whether a section 
on abnormal psychology would have appeared upon the programme 
of this Congress if Dr. Pierre Janet had not. already gone before 
and opened up this great field of investigation through his brilliant 
researches. It is not too much to say that numerous as are the pro¬ 
blems awaiting solution, there is scarcely one which has not already 
been illumined by this investigator’s penetrating observations. 

In our own country, too, we owe much to Boris Sidis, a patient 
student and keen investigator of psychological problems, whose 
researches in the dissociation of consciousness and genesis of hallu¬ 
cinations have given precision to our conceptions of these abnormal 
conditions. The time at my disposal will not allow me to refer by 
name to the work of other students, though I cannot forbear calling 
attention to the great impetus given to the study of this fascinating 
field of research by the labors of Charcot and of the brilliant Sal- 
petri&re group of scholars who still love to call their old chief, Master. 
Certain problems in subconscious automatism will always be asso¬ 
ciated with the names of Breuer and Freud in Germany, and Alfred 
Binet in France. It is encouraging to see the growing interest in 
this field, and the increasing number of students who are pursuing 
its problems. 

As a field of research abnormal psychology belongs both to the 
psychologist and the physician. It has thrown much light on the 
mechanism of normal mental processes, for disease dissects the 
mind and brings into view the mechanism of its processes much 
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better than can the introspective study of the psychologist. In the 
department of medicine it has furnished an intelligible explanation 
of many previously incomprehensible derangements of the mind 
and body. With this increase in precision of our knowledge of 
mental processes it has ceased to be sufficient for the physician 
to know that an anesthesia or paralysis or other disturbed function 
of the body is due to some mysterious mental influence, but medical 
culture requires that he should know the exact mechanism of this 
influence. The researches of recent years have furnished this know¬ 
ledge in many important particulars. 


Dissociation and Automatism 

Abnormal psychological phenomena, as phenomena, may be 
divided into two great groups, according as they are manifestations 
of (A) dissociations or weakened syntheses of conscious states, or 
(B) of automatisms. 

In the first group (A), the dissociations and imperfect syntheses, 
may be placed the losses of memory (amnesias), the losses of per¬ 
ceptions (anesthesias), the losses of motor functions (paralyses), the 
alterations of character, the division of personality, etc. 

The second group (B), the automatisms, would include all those 
phenomena which are the expressions of an activity beyond the 
will and control of the personal consciousness and involve abnormal 
syntheses. It would include the fixed ideas, the hallucinations, the 
deliriums, the obsessions, impulsions, tics, contractures, convulsive 
seizures, and various perversions of the visceral processes. The 
automatisms may be still further classified according as they are 
syntheses of dissociated (so-called subconscious) elements, so char¬ 
acteristic of hysteria, or syntheses of the personal consciousness 
characteristic of psychasthenic states. Both may exist together. 

These two classes of phenomena (A and B) bear a reciprocal re¬ 
lation to one another, in that pari passu with the development of 
a weakening of the power of synthesis, or of a complete dissociation, 
the remaining restricted elements of the personal consciousness, 
or the dissociated elements, respectively tend to take on auto¬ 
matic activity; as an example, take the obsessions of psychasthenia 
confined entirely to the personal consciousness, and the hysterical 
attack due to the automatic activity of dissociated (subconscious) 
memories of past experiences. And vice versa, the development of 
automatism with its abnormal syntheses tends to induce dissocia¬ 
tion, as when an artificially induced idea robs the personal con¬ 
sciousness of its sensory perceptions (anesthesia) or produces retro¬ 
grade amnesia. Thus in any particular syndrome, such as the hyster¬ 
ical state, or the psychasthenic obsessions, we have combined the 
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manifestations of dissociation or weakened synthesis with those of 
automatism. 

The problems of abnormal psychology become, then, very largely 
problems of dissociation, weakened syntheses and automatism; and 
if the laws which govern these processes can be determined, we 
shall be able to correlate most, if not all, abnormal psychological 
states. As dissociation and automatism are also principles of normal 
mental life, as, for example, the phenomena of absentmindedness 
and the artifacts of suggestion, in these same laws we may find a 
correlation of abnormal psychology with normal psychology. Thus 
simply as manifestations of, or perverted working of, the normal 
dissociating and synthesizing process, whether psychical or cere¬ 
bral, we may find an explanation for and correlate: 

(1) Physiological states, like 
Sleep, 

Dreams, 

Normal forgetfulness (amnesia), 

Moods, 

Absentminded phenomena, 

Natural somnambulism. 

(2) Artifacts like, 

Hypnosis and post-hypnotic phenomena, 

Motor automatisms (automatic writing and speech), 

Artificial sensory automatisms (crystal visions). 

(3) Pathological states; such as, 

The hysterical state and its manifestations, 

Trances, 

Obsessions, 

Hallucinations, 

Deliriums, 

Alterations of character, 

Multiple personalities, 

Epileptoid states, etc. 

I think we may also, though perhaps debatably, include certain 
insane states, like moral and certain forms of circular insanity. 
It is certain that abnormal phenomena like retrograde amnesia, 
hysterical anesthesia, hallucinations, alterations of character, 
etc., do not stand apart as facts without kinship to normal life; 
for phenomena, which are absolutely identical in form, con¬ 
tent and behavior to the environment, whether spontaneous or 
artificially induced, occur as manifestations of the activity of the 
health mind. Thus certain types of normal amnesia may, in every 
way, give the same reactions and show the same relations to the 
personal consciousness as abnormal amnesia; normal absent- 
mindedness as abnormal abstraction; crystal visions as hysterical 
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visions; normal or induced somnambulism as hysterical somnam¬ 
bulism; post-hypnotic suggestion and fixed ideas, automatic writ¬ 
ing, and the dowsing-rod as the motor automatisms and fixed ideas 
of disease. The difference between normal and abnormal disso¬ 
ciated states probably depends upon differences in the lines of dis¬ 
aggregation, psychical and physiological, and not upon the differ¬ 
ences of process. 

If Virchow’s great generalization is true, namely, that disease 
is only life under altered conditions, we may say that the phenom 
ena of abnormal psychology are only the normal processes of 
the mind and brain submitted to changed conditions. One great 
vantage-point of abnormal psychology is that by altering the con¬ 
ditions at will, as we often can do, we can study the alterations in 
the normal processes and thus find out what those processes are. 

It has been, indeed, through a study of the abnormal, that is, 
a study of natural forces under altered conditions, that the phys¬ 
ical sciences have received their development. It was by such a 
study of abnormal phenomena that Galileo was able to demonstrate 
the laws of inertia and of falling bodies; that Archimedes proved 
the theory of his lever, and that Pascal demonstrated his hydro- 
dynamic paradox. In fact, all physical research depends upon 
the study of abnormal phenomena. 

The Mind not a Unity 

One of the great truths taught by abnormal psychology is that 
while the mind under ordinary conditions is for practical purposes 
a unity, under altered conditions it may cease to be a unity, and 
may exhibit multiple activity of a complex sort. It is even ques¬ 
tionable whether under habitual conditions it is ever an absolute 
unity, whether within certain limitations it docs not always exhibit 
a certain degree of multiplicity. It remains a problem, which I 
have thought well worthy of special consideration at this time, to 
investigate what those limitations arc. 


Influence of the Mind on the Body 

Again, considered from the two points of view of dissociation 
and automatism, we are able to approach those puzzling problems 
which belong to practical medicine and which have long baffled 
clinical research. From the earliest times to these days of scientific 
skepticism about the veridity of phenomena which cannot be ex¬ 
plained, the influence of the mind on the body for ill or for good 
has been and is recognized. Its influence for evil is evident in the 
nervous manifestations which mimic organic disease, in the per- 
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verted functioning of the organs of the body, and even, in its dele¬ 
terious effect, upon organic pathological processes; its influence 
for good, in the dissipation of these same manifestations and per¬ 
versions through faith-cures, fads, modern therapeutic suggestion 
in its various forms and mental hygiene. The lack of precise know¬ 
ledge of the psychology of these states and of the modus opcrandi 
of the therapeutic agency employed has given rise to all sorts of 
pseudo-scientific therapeutic systems (including the misuse of 
drugs), and to the growth of dogmas, philosophies, and religions. 
The hopeless muddling of even the educated medical mind in this 
field of abnormal psychology is made manifest by a casual perusal 
of the standard text-books on medicine as well as the latest mono¬ 
graphs on mental therapeutics. In the laws of dissociation, weak¬ 
ened synthesis, and automatism, abnormal psychology offers a 
basis upon which to support an intelligible explanation of these 
perplexing phenomena — slight as is our knowledge of the de¬ 
tails of these processes. Thus in the automatic activity of subcon¬ 
scious fixed ideas we have a demonstrated casual factor in many 
so-called hysterical phenomena (attacks, tics, anesthesias, etc.); 
and in the nervous radiations from these subconscious automat¬ 
isms down through the lower nervous centres we find the origin 
of various disturbances of the body, as when subconscious, or par¬ 
tially subconscious, emotional states excite cardiac, vaso-motor, 
secretory, and other visceral derangements. 

Hysteria 

The study of abnormal psychology has completely revolution¬ 
ized our conception of that remarkable disease, hysteria, as much 
so as the discovery of germs has altered the surgical conception of 
inflammation. We understand to-day that it is not only a disease 
of the mind, but more precisely that fundamentally it is a split¬ 
ting of the personality with or without a doubling of consciousness 
and automatism. We are still, however, entirely in the dark regard¬ 
ing the modus opcrandi of many of its manifestations. The exact 
mechanism, for instance, by which such phenomena as contractures, 
epileptiform seizures, and vaso-motor disturbances are brought 
about, though recognized as dissociated automatism, remains a pro¬ 
blem for the future. 

Character 

A •‘other problem which must be approached along these same 
bnes is the modification of character which occurs in diseased 
conditions like hysteria, particularly that special type known as 
disintegrated multiple personality, and in certain psychoses like 



PROBLEMS OF ABNORMAL PSYCHOLOGY 759 

circular and so-called moral insanity. The lesser states of depres¬ 
sion and exaltation as commonly observed in such conditions, each 
accompanied or represented by altered points of view of the indi¬ 
vidual, when closely studied seem not to differ essentially from 
the similar conditions experienced by normal individuals and 
called moods. These alterations of character can be studied most 
advantageously in disintegrated personality where they can be 
watched as they take place under the very eye of the observer. 
They may include even changes in the physiological reactions, 
like the effect of alcohol, tobacco, sunlight, and the environment, 
and may or may not be accompanied by alterations of memory. 
Thus, to tuke an actually observed example, an individual at one 
moment amiable, religious, forbearing, the typical saint of litera¬ 
ture, one who loves the quiet idealism and subdued light of the 
cloister, and whose moral and physiological tastes lead her to dis¬ 
like coffee, cigarettes, wine, the glare of sunlight, gaudy fashions 
of dress, and a score of other pleasures of the flesh, becomes sud¬ 
denly, in a moment of time, strong, resolute, “quick and sudden 
in quarrel," without religious tastes, one who delights in cigarettes, 
wine, the pleasure of the table, gay fashions of dress, and above 
all, in the strenuous Rooseveltian life. More than this, the char¬ 
acter of an individual of this instability can be modified almost at 
will by artificial methods, or indirectly through the effect of fatigue 
and emotion. A certain number of the traits of one state being 
swapped for those of another, and vice versa. 

Similar alterations of character have been artificially brought 
about by one experimenter in an individual with an apparently 
healthy nervous system, five different character states being ob¬ 
tained without changes of memory. 

Such phenomena as these raise the problem of what is clmructer. 
or more specifically, what is the fundamental process which brings 
about the alterations observed in special diseased conditions? The 
data at our disposal do not allow us to answer completely these 
questions, but we have enough facts at hand to show that a very 
large share in the process must be attributed to either psychical 
dissociation, or incapacity to make complete syntheses, in con¬ 
sequence of which the “personal perceptions” are very much re¬ 
stricted. 

The fact that the same sort of alterations occur in the profound 
psychoses, in hysteria, and even in the moods of normal life, suggest 
that all are different type? of disaggregation of the field of con¬ 
sciousness and perversions of the same mechanism, though the 
exciting cause may be different in each case. 

The problems of functional dissociation, abnormal syntheses 
and automatisms belong to those which are fundamental to ab- 
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normal and therefore normal psychology. We enter upon more 
debatable ground when we try to determine the exact nature of 
these processes and give greater precision to our knowledge. Are 
the anesthesias, amnesias, and other forms of dissociation, for in¬ 
stance, to be classified, as held by Dr. Janet, as “failure of personal 
perception/’ that is, simply as special types of normal absent- 
mindedness, or must some physiological principle be invoked. 
This is a question of interpretation of the observed facts, and it 
seems to me is one which we are not in a position as yet to answer 
definitely, although, as I shall later point out, we can frame a rea¬ 
sonable hypothesis. 

II. Do Subconscious States habitually exist normally, or are they 
always either Artifacts or Abnormal Phenomena t 

I have already referred to the doubling of the mind and the 
formation of subconscious states that may result from this dis¬ 
sociation, even to the formation of a second personality. Now, 
if abnormal dissociation is only an exaggeration, or perversion of 
normal dissociation, the question arises, To what extent is there 
a division of the healthy mind of such a character as to give it 
multiplicity? Are the well-known abnormal dissociations and auto¬ 
matisms, i. c. the manifestations of abnormal subconscious processes, 
merely perverted types of similar processes which go on in every 
healthy mind? This is one of the most pressing problems for ab¬ 
normal psychology to settle, for the idea that there is a subconscious 
mental life of elaborate activity which habitually plays a large part 
in all our mental processes has received such wide acceptance that 
it shows evidence of dominating psychological thought, and has 
even furnished a groundwork for a new philosophy. As a problem in 
dissociation and automatism, I propose, therefore, to inquire to what 
degree this hypothesis is justified by actually demonstrated data 
in our possession to-day. 

The problem may be thus stated: Do subconscious states habit¬ 
ually exist normally, or are they always either artifacts or abnor¬ 
mal phenomena? If they form a part of the normal mind, what 
is the extent of the subconscious field? There is a very wide tend¬ 
ency at the present day to account for a large variety of phenom¬ 
ena, including both normal and abnormal experiences, by what 
used to be called “ unconscious cerebration ” but which now is spoken 
of as “subconscious thought ” or the “ secondary consciousness.” 

Now at the outset, in approaching this problem, we should have 
a clear idea of what is meant by subconscious ideas and their re¬ 
lation to the personal consciousness. It is difficult to state the 
theory of a secondary consciousness in a way that will be accept- 
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able to all students, for probably no two observers are agreed as 
to the interpretation of the facts, or, if the fundamental notion be 
accepted, whether the theory includes a limited or a large category 
of facts. All, however, are agreed that, under certain artificially 
induced or abnormal conditions, correlated with our brain-processes 
at any moment of time, there may be a certain number of element¬ 
ary conscious states of whose existence we are ignorant, but which 
nevertheless coexist with that habitual waking consciousness 
which we term our self, or our own personality. 

Now as to the conditions under which this secondary conscious¬ 
ness develops, and to its extent — the number of sensations, emo¬ 
tions, and other psychical states composing it, and, above all, the 
degree to which they are organized into a self-acting system (or 
personality) — there is considerable difference of opinion, so that 
there may be said to be several theories of the secondary conscious¬ 
ness, according to the point of view of the writer, and the inter¬ 
pretation given to the accepted facts. While all agree that under 
special conditions every mind may be made up of certain states 
of which we are conscious and certain states of which we are not 
conscious, some think that in healthy minds the secondary con¬ 
sciousness — if existent at all — is limited to only a number of 
more or less dissociated and isolated states, like sensations and 
perhaps emotions, without being synthesized into a personal self¬ 
unity, or even self-acting system. Others think that these disso¬ 
ciated states are always woven into a systematized unity and are 
capable of considerable intellectual and independent activity. 
Some think that these secondary states play but a small subor¬ 
dinate part in our mental lives; others think that they have a 
very large share in our daily acts, particularly in those acts to 
which we do not give our conscious volition (habit acts, absent- 
minded acts, etc.). Still others seek to explain our highest intel¬ 
lectual feats through this secondary consciousness. It will be borne 
in mind that we are now speaking of normal healthy minds. In 
diseased minds, it is agreed by all that the psychical states making 
up this secondary consciousness may become highly organized 
into a self-acting system and become capable of playing a r/>le 
almost as controlling and independent as the habitual self. But 
some (Janet) think a doubling of consciousness is always a sign 

of disease. . 

Now subconscious ideas arc dissociated ideas - dissociated from 
the main system of ideas which make up the personal consciousness. 
They are thrown off, so to speak, as satellites may be supposed to be 
thrown off, from their planet. The term " subconsc.ous ” is an unfor¬ 
tunate one, for it is metaphorical, and, while descriptive does not 
precisely express the true relation of these ideas to the personal 
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consciousness, extra-conscious, concomitant, or better, dissociated, 
are more exact terms. Now being dissociated from our personal 
consciousness, we are ignorant of them. Our knowledge of the 
existence of such dissociated mental states is largely derived from 
a study of pathological and artificially induced conditions, where 
their presence can be positively and accurately determined. The 
researches of recent years have proved very conclusively not only 
that the mind may be split in two in such a way that certain groups 
of ideas may be dissociated from the main consciousness, but that 
a number of these dissociated states may become synthesized 
among themselves, and that in this way is formed a second conscious¬ 
ness capable of a certain amount of activity. This activity may be 
manifested contemporaneously with that of our personal conscious¬ 
ness. There is then a doubling of consciousness. The mind becomes 
dual. Thus in the subject of disintegrated personality just referred 
to, known as 11 The Misses Beauchamp," a secondary group of dis¬ 
sociated states has existed for many years contemporaneously with 
the personal consciousness. These secondary states are so extensive 
and are so well organized into a personality that I have been able 
to obtain an autobiography of the subconscious life of this concomi¬ 
tant personality, disclosing a mental life which claims to have run 
along side by side with, but unknown to, the personal self from child¬ 
hood to the present day. The subject is twenty-eight years of age. 
Similar though less extensive manifestations of a double life are 
common as phenomena of hysteria. In the automatic writing and 
speech of mediums and of psychological experiment, in the dowsing- 
rod, in so-called post-hypnotic phenomena, and in the automatic acts 
of artificial and spontaneous abstraction, we have the same mani¬ 
festations of the splitting of the mind and the formation of an extra- 
conscious self of which the personal consciousness is ignorant. The 
dissociated states may or may not take on contemporaneous activity. 
If they do so, the secondary phenomena thus produced are called 
automatisms, as they occur outside the cognition of the personal self. 
They form the subconscious fixed ideas of hysteria now so well 
known. When the dissociated ideas include the kinesthetic and 
sensory spheres we have hysterical paralyses and anesthesias. At 
times these dissociated ideas break out in insurrections, kick up 
didos, and turn our peaceful mental arrangements topsy-turvy. We 
then have the hysterical attack. 

Now allowing for such differences of opinion as have been already 
stated, there still seems to be a tacit acquiescence on the part of 
many psychologists in the theory that in normal healthy minds 
similar dissociated ideas of greater or less complexity have their 

ace and play a well-regulated part in the mental economy. In 
other words, according to this theory, the normal mind is not a unity 
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any more than the hysterical mind. It requires but a slight ex¬ 
tension of this theory to assume, as some do, that these dissociated 
mental states become normally synthesized into a second con¬ 
sciousness of considerable intellectual capacity, which takes part in 
our every-day intellectual processes. In every mind the activity of 
the primary consciousness is supposed to be accompanied by that 
of a secondary consciousness. On the basis of actually substantiated 
data, one would think that this was as far as the hypothesis could be 
logically carried, but the fact that we are not conscious of dissociated 
ideas gives a certain mysticism to their existence and has offered 
a temptation to extend further the hypothesis until, in the hands 
of certain of its advocates, it has outgrown even all demonstrated 
pathological facts. The subconscious ideas, instead of being mental 
states dissociated from the main personality, now become the main 
reservoir of consciousness and the personal consciousness becomes 
a subordinate stream flowing out of this great storage-basin of “ sub¬ 
liminal ” ideas as they are called. We have within us a great tank 
of consciousness, but we are conscious of only a small portion of its 
contents. In other words, of the sum total of conscious states within 
us, only a small portion forms the personal consciousness. The per¬ 
sonal self becomes even an inferior consciousness emerging out of a 
superior subliminal consciousness present in a transcendental world, 
and this subliminal consciousness is made the source of flights 
of genius on the one hand, while it controls the physical processes of 
the body on the other. It is hardly necessary to follow this new 
“ tank ” hypothesis into its different applications. I merely refer to 
it as it has unquestionably colored the orthodox conception of sub¬ 
conscious ideas. Thus Professor Stout , 1 while contending against 
this doctrine, himself apparently influenced by it, postulates normal 
dissociated states (he adopts the term ‘■subliminal ”) and gives them 
functions of wide scope. 

“Consider,” he says, “the process of recollecting a name. ... It 
may happen that we fail to revive the name while we are trying to 
do so, and that it suddenly emerges into consciousness after an 
interval during which we have been occupied with other matters 
or have been asleep. This implies that our conscious effort has set 
going a subliminal process which continues after the conscious effort 
has ceased.” 

Professor Stout then goes on to argue that our conscious process 
has a way of exciting these dissociated states into trains of thought 
of which we are wholly unconscious and which solve our problems 
for us while we attend to o »er tilings. 

“In such cases" [solving problems], he says, “conscious endeavor 
to find an ideal combination which shall satisfy certain conditions 
1 The Hibbcrt Journal, October, 1903. 
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serves only to set in operation subliminal processes which may or 
may not yield the requisite result. Here also the process may con¬ 
tinue after the consciousness which prompted it ceased. The ordinary 
man no less than the man of genius may find that what relatively 
to him are original ideas develop while his thoughts are occupied 
with disconnected topics, or even while he is asleep. In general, we 
take an utterly false view of mental construction when we regard 
it as a mere putting-together of data already present in consciousness 
analogous to the putting-together of the parts of a puzzle spread out 
on the table before us.” 

It seems to me that these are pure assumptions. As far as my 
own conscious experience goes, I am compelled to agree with Mr. 
Andrew Lang, 1 in that as “an ordinary man ” I do not find that my 
conscious activity appeals to “ anything else ” but my own conscious 
processes, or that I am conscious of any such easy way of settling 
my own problems. As an ordinary man, I do not find I can rely 
upon any other consciousness to write this address but the thoughts 
which I laboriously elaborate. 

This theory of the normal occurrence of subconscious dissociated 
thought seems to have arisen as an interpretation of certain well- 
known but exceptional spontaneous experiences of the kind which 
Professor Stout accepts as evidence of normal subconscious mental 
activity, but the theory has a more substantial basis in data which 
have been obtained through direct objective experimentation. 
These include (1) various hysterical phenomena, (2) hypnotic 
experiments, (3) various motor automatisms, particularly automatic 
writing, and (4) phenomena of absent mindedness or abstraction. 
A critical analysis of these data will show that they do not permit 
of inferences applicable to normal and habitual conditions. 

(1) That secondary subconscious states, capable of being synthe¬ 
sized into a self, may be developed by disease is a well-attested 
observation. But, being pathological, they are evidence only of the 
abnormality of subconscious states. 

(2) As to hypnotic states, it is sometimes assumed that the hyp¬ 
notic self represents a persistent consciousness having a continuous 
existence after the awakening of the personal consciousness. There 
is no evidence for this. The hypnotic self is a dissociated state of 
the waking consciousness. On awaking the synthesis of the original 
self is again made and the hypnotic dissociation ceases to exist. Nor 
is there any particular hypnotic state. There may be almost any 
number of such states in the same individual —as many as there 
are possible states of dissociation. In the second place, hypnosis 
is an artifact —an artificial dissociation, not a state of normal life. 
The phenomena of post-hypnotic suggestion, which are entirely 

1 The Hibbert Journal, April, 1904. 
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phenomena of subconscious processes, are likewise artifacts, pro¬ 
duced by the methods of the experiment. They prove that the mind 
may be artificially made to exhibit duality but not that this is true 
of normal mental life. 

(3) As to the evidence from automatic writing and similar phe¬ 
nomena, it seems to have been overlooked that these phenomena 
too are artifacts. Although they are plainly manifestations of dis¬ 
sociation of consciousness and automatism of the dissociated ele¬ 
ments, nevertheless this dissociation is the product of the conditions 
of the experiment. Abstraction, which means dissociation of a 
greater or less degree, is induced, and suggestion directly excites the 
phenomena. But all such experiments have great significance in 
another respect. The ease with which the mind, in perfectly healthy 
persons, can be dissociated, and the dissociated states synthesized 
into an autonomous system, shows that subconscious synthesized 
states arc not always evidence of disease, as maintained by Janet, 
thou-h they may be artifacts, but that the whole ts dependent upon 
a physiological process, men a physiological stimulus, like the 
mcrc'sound of a spoken word, a suggested idea, is oapnljlc "f inciting 
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of which she is completely oblivious when awake. This duality of 
the mind in normal absentmindedness has been pointed out by 
various observers. Its phenomena simulate those of artificial ab¬ 
straction as they occur in automatic writing and hysterical states. 
There is nothing surprising in this as the term “absentmindedness” 
means dissociation of consciousness — a failure to perceive that 
which before was perceived, and a failure to be conscious of acts 
intelligently performed. On the other hand, normal absentminded¬ 
ness is a distinctly special condition. We don’t go about in an absent- 
minded state, or as if we had lost our heads, when we have work 
to be done. Absentminded phenomena are manifestations of the 
temporary disintegration of the personal self, and doubling of con¬ 
sciousness, but not evidence of the persistence during the ordinary 
waking life of subconscious states. It does not follow that on waking 
from reverie complete synthesis does not take place. But here the 
significant fact, the most significant of all, should not be lost sight 
of, that in the normal process of abstraction we find evidence of 
the existence of a normal prearranged mechanism for dissociating 
consciousness and producing subconscious states. Dissociation is 
plainly a function of the mind or brain. 

Now, the nub of the problem is, in healthy persons are these 
subconscious states limited to absentmindedness? and, if not, what 
part do they play in the mental economy? Indeed, whether so 
limited or not, what is their extent? t. c. (a) are they purely isolated 
phenomena, isolated sensations and perceptions? or (6) are they 
synthesized, as imagined by Professor Stout, into logical subconscious 
processes of thought, capable of sustained action, and as imagined 
by some sufficiently complex to form a personality — something that 
we are justified in calling a subconscious self? or (c) arc subcon¬ 
scious states when synthesized always either artifacts or patholog¬ 
ical? 

The question is at the root of many important problems in ab¬ 
normal psychology, but is difficult to answer by experimental 
methods, owing to the danger of artifacts. In illustration of this 
danger I may point to the phenomena of subconscious solution of 
arithmetical problems which are sometimes cited in evidence. In 
favorable subjects, as in an instance under my own observation, it is 
not difficult by means of suggestion in hypnosis to obtain the solution 
of arithmetical problems during the waking state by some other 
consciousness than that of the waking personality. For example, 
while i;- hypnosis, two numbers are given to be added or multi¬ 
plied, say 453 4-367, or 4326X3, to take actual examples, and 
the subject waked instantaneously the moment the last figure is 
given. The addition or multiplication is correctly solved subcon¬ 
sciously, the subject not having any conscious knowledge that any 
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task whatever has been set. The exact method of mentation by 
which the problem is extra-consciously solved is learned by cate¬ 
chizing the hypnotic personality. But such experiments are plainly 
artifacts. The dissociation and automatism are the products of 
suggestion. The results are of value, however, as cannot be too often 
insisted upon, in that they show the ease with which duality of the 
mind may be effected by what is plainly a psycho-physiological 
stimulus, a suggested idea. But to obtain subconscious phenomena 
free from artifice such phenomena must be spontaneous. Information 
regarding the presence and character of subconscious states at any 
given time can be easily obtained owing to the well-known fact 
that ideas 1 dissociated from the personal consciousness awake may 
become synthesized with this same consciousness in hypnosis, and 
then be remembered. A person in hypnosis may thus be able to 
analyze and describe the ideas which were spontaneously present 
as an extra-consciousness when awake, but which were not then 
known to the personal consciousness. This method is far more 
accurate than the device of tapping the subconsciousness by auto¬ 
matic writing, though the same in principle. I am obliged here to 
refer to a series of observations of this kind which I have personally 
made with a view of obtaining light upon this question, as I know 
of no others that have been limited to spontaneous phenomena 
and are not open to the objection of artifacts. A systematic examin¬ 
ation 2 was made of the personal consciousness in hypnosis, regarding 
the perceptions and content of the secondary consciousness during 
definite moments, of which the events were prearrange! or other- 
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wise known, the subject not being in absentmindedness. It is not 
within the scope of an address of this sort to give the details of these 
observations, but in this connection I may state briefly a summary 
of the evidence, reserving the complete observations for future 
publication. It was found that — 

(1) A large number of perceptions — visual, auditory, tactile 
and thermal images, and sometimes emotional states — occurred 
outside of the personal consciousness, and therefore the subject 
was not conscious of them when awake. The visual images were 
particularly those of the peripheral vision, such as the extra-con¬ 
scious perception of a person in the street, who was not recognized 
by the personal waking consciousness; or the perception of ob¬ 
jects intentionally placed in the field of peripheral vision and not 
perceived by the subject, whose attention was held in conversation. 
Auditory images of passing carriages, of voices, footsteps, etc., 
thermal images of heat and cold from the body, were similarly 
found to exist extra-consciously, and to be entirely unknown to the 
personal waking consciousness. 

(2) As to the content of the concomitant (dissociated) ideas, it 
appeared by the testimony of the hypnotic self that as compared 
with those of the waking consciousness the secondary ideas were 
quite limited. They were, as is always the experience of the sub¬ 
ject, made up for the most part of emotions (c. g., annoyances), 
and sensations (visual, auditory, and tactile images of a room, of 
particular persons, people’s voices, etc.). They were not com¬ 
bined into a logical proposition, though in using words to describe 
them it is necessary so to combine them and therefore give them 
a rather artificial character as “ thoughts.” It is questionable whether 
the word “ thoughts ” may be used to describe mental states of this 
kind, and the word was used by the hypnotic self subject to this 
qualification. Commonly, I should infer, a succession of such 
"thoughts” may arise, but each is for the most part limited to 
isolated emotions and sensorial images and lacks the complexity 
and synthesis of the waking mentation. 

(:i) The memories, emotions, and perceptions of which the sub¬ 
ject is not conscious when awake are remembered in hypnosis and 
described. The thoughts of which the subject is conscious when 
awake arc those which are concentrated on what she is doing. The 
others, of which she is not conscious, are sort of side thoughts. 
These are not logically connected among themselves, are weak, 
and have little influence on the personal (chief) train of thought.- 
Now although when awake the subject is conscious of some thoughts 
and not of others, both kinds keep running into one another, and 
therefore the conscious and the subconscious are constantly unit- 
ir *. druniting, and interchanging. There is no hard and last line 
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between the conscious and the subconscious, for at times what belongs 
to one passes into the other, and vice versa. The waking self is vary¬ 
ing the grouping of its thoughts all the time in such a way as to be 
continually including and excluding the subconscious thoughts. The 
personal pronoun “ I,” or, when spoken to, “ you,” applied equally 
to her waking self and to her hypnotic self, but these terms were not 
applicable to her unconscious thoughts, which were not self-conscious. 
For convenience of terminology, it was agreed arbitrarily to call 
the thoughts of which the subject is conscious when awake the 
waking consciousness, and the thoughts of which when awake she 
is not conscious the secondary consciousness. In making this di¬ 
vision the hypnotic self insisted most positively on one distinction, 
namely, that the secondary consciousness was in no sense a per¬ 
sonality. The pronoun “ /” could not be applied to it. In speaking 
of the thoughts of this second group of mental states alon «’ 
could not sav " I felt this,” “ I saw that.” These thoughts were better 
described as, for the most part, unconnected discreta sensations, 
impressions, and emotions, and were not synthesized mto a per^ 
sonality. They were not therefore self-conscious. When the wak 
ing self was hypnotized, the resulting hypnotic self ac ^' rcd 

subconscious perceptions of the ^ond consc.ousness she th n 

could sav •• I " and the hvpnotic " / included what were formerly 

subconscious » perceptions. In speaking of the secondary person- 
al’ity by itself, then, it is to be understood that self-consciousness 
2 ? personality are always excluded. This testimony was ve fid 
by test instances of subconscious perception of visual and 
images of experiences occurring in my presence. 

iS 
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to show that the dissociated consciousness is capable of wider and 
more original synthesis than is involved in adapting habitual 
acts to the circumstances of the moment. 

(c) Solving problems by the secondary consciousness. So much 
is to be found in the literature about subconscious solutions of 
problems that the following testimony of the hypnotic personality 
is of interest: 

“When a problem on which my waking self is engaged remains 
unsettled, it is still kept in mind by the secondary consciousness, 
even though put aside by my waking self. My secondary conscious¬ 
ness often helps me to solve problems which my waking con¬ 
sciousness has found difficulty in doing. But it is not my secondary 
consciousness that accomplishes the final solution itself, but it 
helps in the following way. Suppose, for instance, I am trying to 
translate a difficult passage in Virgil. I work at it for some time 
and am puzzled. Finally, unable to do it, I put it aside, leaving it 
unsolved. I decide that it is not worth bothering about and so put 
it out of my mind. But it is a mistake to say that you put it out of 
your mind. What you do is, you put it into your mind: that is 
to say, you don’t put it out of your mind if the problem remains 
unsolved and unsettled. By putting it into your mind I mean that, 
although the waking consciousness may have put it aside, the 
problem still remains in ‘the secondary consciousness. In the ex¬ 
ample I used, the memory of the passage from Virgil would be 
retained persistently by my secondary consciousness. Then from 
time to time a whole lot of fragmentary memories and thoughts 
connected with the passage would arise in this consciousness. Some 
of these thoughts, perhaps, would be memories of the rules of 
grammar, or different meanings of words in the passage, in fact, 
anything I had read, or thought, or experienced in connection 
with the problem. These would not be logical connected thoughts, 
and they would not solve the problem. My secondary conscious¬ 
ness does not actually do this, t. e., in the example taken, trans¬ 
late the passage. The translation is not effected here. But later 
when my waking consciousness thinks of the problem again, these 
fragmentary thoughts of my secondary consciousness arise in my 
mind, and with this information I complete the translation. The 
actual translation is put together by my waking consciousness. 
I am not conscious of the fact that these fragments of knowledge 
existed previously in my secondary consciousness. I do not re¬ 
member a problem ever to have been solved by the secondary 
consciousness. It is always solved by the waking self, although 
the material for solving it may come from the secondarv. When 
my waking consciousness solves it in this way, the solution seems 
to come in a miraculous sort of way, sometimes as if it came to 
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me from somewhere else than my own mind. I have sometimes 
thought, in consequence, that I had solved it in my sleep." 

The subject of these observations was at the time in good mental 
and physical condition. Criticism may be made that the subject 
being one who had exhibited for a long time previously the phe¬ 
nomena of mental dissociation, she now, though for the time be¬ 
ing recovered, tended to a greater dissociation and formation of 
subconscious states than does a normal person, and that the sub¬ 
conscious phenomena were therefore exaggerated. This is true. 
It is probable that the subconscious flora of ideas in this subject 
are richer than in the ordinary individual. These phenomena prob¬ 
ably represent the extreme degree of dissociation compatible with 
normality. And yet, curiously enough, the evidence tended to 
show that the more robust the health of the individual the more 
stable her mind, the richer the field of these ideas. However this 
may be, the very exaggerations increase the value of the evidence 
for the limitation of the extent, independence, and activity of the 
subconscious states. If in such a subject we do not find, as is the 
case evidences of subconscious automatism, excepting in absent- 
mindedness, it is highly improbable that such activity exists in 

a perfectly healthy subject. 4 . . - . A 

These observations are only suggestive, not conclusive. To solve 
the whole problem of concomitant, extra- or subconscious states 
further and numerous observations are required but ^nduckd 
under conditions which shall exclude artifact and abnormal states; 
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credence which has been given to the theory of a normal subcon- 

scious self. ,, . 

If the foregoing review is sound, it would seem that great cau- 

tion is required in applying the inductions derived from a study 
of abnormal subconscious phenomena to normal conditions, and 
that the tendency has been to attribute too extensive a field and 
too great capabilities to this hidden mental life. The facts at our 
disposal do not support the hypothesis of a normal subconscious 
mind excepting within very strict limitations. 

Nature of the Dissociating Process 

But the problem of the subconscious brings into stronger relief 
the still broader problem. What is the nature of the dissociating 
process by which the duality is brought about? Is the explana¬ 
tion to be found in psychical or in physiological laws? It was a 
great advance to show, as has been done, that a large number of 
abnormal functional phenomena like anesthesia, amnesia, para¬ 
lysis, aboulia, are all different types of the splitting of conscious¬ 
ness. They must, therefore, be due to some dissociating process. 
Janet interprets these different mental conditions as chronic forms 
of absentmindedness, a persistent failure of the personal conscious¬ 
ness to make more than a few syntheses. This failure is the con¬ 
sequence of exhaustion. The dissociation is, therefore, primary 
and the resulting automatism secondary. Janet is careful to point 
out that this is not an explanation. It is in fact only a classi¬ 
fication. Breuer and Freud, on the other hand, would make the 
dissociation secondary to the development of what they call the 
hypnoid state, a group of fixed ideas, which are unable to make 
the synthesis with the personal consciousness. 

None of these theories are satisfactory as explanations. Absent- 
mindedness is not only insufficient as an explanation of the pro¬ 
cess, but even as a classification fails to take into account the dif¬ 
ferences in phenomena, such as the dissociation brought about as 
artificial abstraction by merely whispering in the subject’s ear. 
I whisper in the ear of B and straightway she does not hear, but 
inquires, “ Where have you gone to? ” I speak aloud and she 
hears again. (The whispered voice is of course heard by a mo¬ 
mentarily dissociated group of states which respond.) Why, if this 
phenomenon is the same as absent mindedness, and is due to ex¬ 
haustion, cannot the “ personal perception ” (Janet) synthesize 
the whispered voice as well as the conversational voice? Again, 
multiple personalities with alternating memories are not exhausted, 
but can make any amount of other syntheses, including their own 
respective memories: Why not also with the lost memories of 
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another personality? There is not a failure of 'perception of the ego, 
but a splitting of the ego itself. What has produced it? 

Any theory to be sufficient must take into consideration all the 
facts not only of abnormal but of normal dissociations, including 
those artificially induced by experimental devices (suggestion, 
automatic writing, etc.). When we do this we find in the first place, 
as already pointed out, facts indicating a normal process for dis¬ 
sociating consciousness, through which process normal and abnormal 
phenomena may be correlated. Normal absent mindedness, certain 
types of normal amnesia, sleep, spontaneous somnambulism, hyp¬ 
nosis, etc., can experimentally be shown to be types of dissociation, 
splitting of the ego, differing from one another in the extent and 
pattern of the fields of consciousness remaining to the personal ego. 
The process which brings these states about is probably fundamen¬ 
tally the same as that governing the abnormal splitting of con- 

SC I°n the second place a study of abnormal and induced dissociation 
shows that, while normal syntheses and automatisms largely follow 
psychological laws, the lines of disaggregation do not follow the lines 
mapped out by these laws. For instance, they do not follow the 

boundaries of associated ideas. . . t « 
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psychology go to show that the psychological disaggregation does 
not follow as much psychical as physiological lines. The cleavage 
is brought about by psychological influences — trauma — (ideas, 
emotions, etc.); but when the fracture occurs, it tends to follow the 
physiological map. Just as when a blow shatters a mineral, the 
lines of fracture follow the natural lines of crystallization, so, while 
a psychical trauma shatters a psycho-psychological system, the 
cleavage follows very closely the neuron association systems. 

Thus when Louis Viv 6 passed into one state in which he had left 
hemiplegia, into another in which he had right hemiplegia, another 
with paraplegia, each with its own group of memories, the alterations 
can only be explained on the ground that these states were deter¬ 
mined by some sort of physiological dissociating system. Likewise, 
when our subject M-1 developed a complete amnesia for the Eng¬ 

lish language, and understood and spoke only German, if we take 
into account all the phenomena, it would seem this amnesia was 
determined by physiological dissociation excited by a primarily con¬ 
scious and later subconscious fear of injury. 

Sally Beauchamp’s general anesthesia is in no way the result of 
ideas psychologically in association with it. When B I and B IV 
exhibit a complete amnesia for each other’s lives and exhibit their 
contradictory traits of character and physiological reactions, it must 
be because different neurons are brought into activity in each case. 

B IV in hypnosis, while slightly groggy from ether, talks intelli¬ 
gently and narrates the history of an adventure of the preceding 
day. I suggest to her that she shall open her eyes, wake up and be 
herself, a suggestion I have given a hundred times successfully. She 
opens her eyes and straightway she does not know me. or her sur¬ 
roundings, or who she herself is. An enormous dissociation of psych¬ 
ologically associated ideas has taken place, whether as the effect 
of the ether or some other cause, I do not know, but according to 
psychological laws her syntheses should have been enlarged. I close 
her eyes again and she regains intelligence, remarking that — “ when 
my eyes are open I do not know who I am.” 

On the other hand, automatism and abnormal syntheses seem to 
be affected by psychical laws, particularly that of the law of asso¬ 
ciation of ideas. Abnormal psychology then points strongly to the 
conclusion that there is a normal physiological dissociating mechan¬ 
ism which is the function of the nervous organization. It is this 
mechanism which brings about such spontaneous normal states as 
absent mindedness, sleep, normal induced states, like hypnosis; and 
through •; s perversions the dissociations underlying abnormal 
phenomena. 
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Professor John B. Watson, of the University of Chicago, read a paper for 
this Section on “A Suggested Method in Comparative Psychology,” in which 
a brief discussion of some of the most recent theories in reference to the teaching 
of animals by the perception of result, imitation, etc., was given, as well us the 
relative use of the senses in animals and lower organisms. 
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Chairman: Professor Frank W Blackmar, University of Kansas. 
Speakers: Professor Franklin H. Giddings Columbia University. 

Professor Georoe E. Vincent, University of Chicago. 


The Chairman of the Department of Sociology was Professor 
Frank W. Blackmar, of the University of Kansas, who in opening 

the work of the Department said: 

-It affords me great pleasure to call to order the first meeting of 
the Department of Sociology of this remarkable Congress and to 
introduce the eminent speakers provided for this occasion. We arc 
to be congratulated on the rapid advance of the science 0 s ° clol, ;ey 
during the past fifteen years. Perhaps there is no parallel to the 
progress in the United States of this science in our universities and 
colleges unless it is the rapid development of natural science vuth.n 

the , wtil^sociology has made marvelous gains in the pedagogical 
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“ The classification of the sciences of this Congress has done more 
to throw the subject into confusion than any other event of recent 
years. I regard it as a retrograde movement so far as sociology is 
concerned. I trust it will be considered by scientists as merely a 
temporary arrangement. To classify sociology as a mental science 
and to divorce it from concrete social studies, as in the present 
classification, is to narrow its scope, dwarf its usefulness, and imply 
that there is no place for a science of society called sociology. If such 
a course of classification is followed, sociology will eventually be con¬ 
sidered as a feeble branch of psychology. But this must not be, for 
sociology has a greater service to humanity, a greater scope, and 
a greater destiny. No subjective classification arising from a priori 
assumptions, proceeding from a psychological source, will satisfy the 
demands of a working classification for science, which must of neces¬ 
sity arise from objective conditions. Comte performed a service in 
the classification of the positive sciences, but the course of scientific 
investigation since his time has been such as to cause a similar classi¬ 
fication, d la Comte, to be neither desirable nor serviceable. 

" Sociology must occupy an independent position, as the youngest 
sister of the social sciences, but in close touch with politics, ethics, 
political science, political economy, and history. Whatever ab¬ 
stractions may be used in formulating the science, it should not lose 
its method of concrete work. Hence, the sooner we can have a con¬ 
sensus of opinion as to its position, nature, and scope, the greater 
will be its progress. The sooner we can have a synthesis of the work 
already done, the sooner will sociology assume its rightful position 
as an independent and dignified science, with the unqualified respect 
of all students of man and nature.” 



THE CONCEPTS AND METHODS OF SOCIOLOGY 


BY FRANKLIN HENRY GIDDINGS 


[Franklin Henry Giddinas. Professor of Sociology, since>1894. Co^ umb.a Univers¬ 
ity. b. Sherman, Connecticut, March 23,1855. A.B. Union College, 1877, AjM. 
ibid. 1889: Ph.D. ibid. 1897; LL.D. Oberlin, 1900. Journalist, 1877-1888, 
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5 C TZllM.ncc: American Ethnological Society; IraUtut International tfc 


Economic Msocuition; American Sociological Society; Philadelphia Academv 

Hebrew, Bohemian, Spanish. and Japanese trims at.ons); Dtmocracy and Em - 
pirc; Inductive Sociology; and other minor works ] 

To set forth in a brief paper the fundamental conceptions of 
anv modern science is a difficult task. The difficulty increases as 
we pass from the relatively simple sciences that have to do with 
inorganic matter, to the highly complex sciences of life and of 
mind. And when we come to the phenomena presented by aggre¬ 
gations of living beings - phenomena of the interaction of imnd with 
mind, phenomena of the concerted activity of many md.v dual 
working out together a common destiny - we have a subject 
Tor Sntif.c study too many-sided, too intricate, for description 
in a few comprehensive phrases, and the scientific study - 
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''good-fellowship,” "pleasurable consorting together,” or mean¬ 
ing the individuals, collectively regarded, that consort. Examples 
of society in this original sense are afforded by the commingling of 
familiar spirits at the tavern or the club, the casual association 
of chance acquaintances at the summer resort, the numberless 
more formal "functions” of "the season.” In the second signi¬ 
fication of the word, "society” is a group of individuals cooperat¬ 
ing for the achievement of any object of common interest or utility, 
as, for example, a merchant guild, an industrial corporation, a 
church, a Congress of Arts and Science. Finally, in the third signi¬ 
fication of the word, "society” is a group of individuals dwelling 
together and sharing many interests of life in common. A nest of 
ants, a savage horde, a confederation of barbarian tribes, a hamlet 
or village, a city-state, a national state, a federal empire — all 
these are societies within the third and comprehensive definition 
of the term. A scientific conception of society must lie within the 
boundaries fixed by these three familiar meanings, but it must 
seize upon and make explicit the essential fact, whatever it may 
be, that is a common element in all social relations. 

At the present time we find in sociological literature two com¬ 
peting conceptions of the essential nature of society. They are 
known respectively as the organic and the psychological concep¬ 
tion. 

The organic conception assumes that the group of individuals 
dwelling and working together is the true, or typical, society, and 
that it is as much a unity, although made up of individuals, as 
is the animal or the vegetable body, composed of cells and differ¬ 
entiated into mutually dependent tissues and organs. Sketched 
in bold outlines by Herbert Spencer in his essay on The Social 
Organism in 1860, the organic conception has been elaborated by 
Schaflle and Lilienfeld, and is to-day accepted as the working 
hypothesis of an able group of French sociologists, whose work 
appears in the proceedings of L’lnstitut international de Sociologie. 

The psychological conception assumes that, whether or not 
the organic conception be true and of scientific importance, it fails 
to get to the bottom of things. It assumes that, even if society 
is an organism, there is necessarily some interaction of individual 
with individual, or some form of activity common to all individuals, 
which serves to bind them together in helpful and pleasurable rela¬ 
tions, and that this activity, instead of being merely physical, like 
inhesion of material cells, is a mental phenomenon. It assumes 
that all social bonds may be resolved into some common activity 
or some interactivity of individual minds. It is, in short, a view 
of society as a mode of mental activity. 

This is the psychological conception in general terms. It takes, 
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however, four specific forms in attempting to answer the ques¬ 
tion: What definite mode of mental action is the most element¬ 
ary form of the social relation? 

According to the most pretentious of these answers, one that 
dates back to Epicurus and lies at the basis of all the covenant 
or social-contract theories of political philosophy, the psycho¬ 
logical origin of society is found in a perception of the utility of 
association. It assumes that men consciously and purposely create 
social relations to escape the ills of a “state of nature” and to reap 
the rewards of cooperation. This rationalistic theory offers a true 
explanation of highly artificial forms of social organization in a 
civil, especially an industrial, state, but it throws no light upon the 
nature of elemental, spontaneous cooperation. For this we must 
turn to the other three conceptions—all of them, I venture to think, 
modernized forms of certain very ancient notions. 

According to one of these, the most elementary social fact is 
seen in the constraining power, the impression, the contagious 
influence that an aggregation, a mass, of living beings exerts upon 
each individual mind. Society is thus viewed as a phenomenon 
closely allied to suggestion and hypnosis. This view of society u> 
most fully set forth in the writings of Durkheim and Le Hon. 

A third conception, identified with the life-work of our lamented 
colleague, Gabriel Tarde, assumes that impression, contagion, 
influence, ns forms of the interaction of mind with mind, may them¬ 
selves be accounted for. It explains them as modes of exampte 
u „d imitation. All society is thus resolved into products of imito- 
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than one organism, at the same or at different times. Two or 
more organisms may respond to the same given stimulus simul¬ 
taneously or at different times. They may respond to the same 
given stimulus in like or in unlike ways; in the same or in different 
degrees; with like or with unlike promptitude; with equal or with 
unequal persistence. I have attempted to show that in like re¬ 
sponse to the same given stimulus we have the beginning, the 
absolute origin, of all concerted activity — the inception of every 
conceivable form of cooperation; while in unlike response, and in 
unequal response, we have the beginning of all those processes of 
individuation, of differentiation, of competition, which, in their end¬ 
lessly varied relations to combination, to cooperation, bring about 
the infinite complexity of organized social life. 

It is unnecessary to argue that this conception of society not 
only takes account of individuality as well as of mutuality, but 
that also it carries our interpretation of solidarity farther back 
than the theories of impression and of imitation, since both im¬ 
pression and imitation mast be accounted for — in ultimate psych¬ 
ological analysis — as phenomena of reciprocal, or interstimulation 
and response. Indeed, the very language that Tarde uses through¬ 
out his exposition tacitly assumes as much. Example is stimulus, 
the imitative act is response to stimulus. The impression that the 
crowd makes upon an individual is stimulus, and the submission, 
obedience, or conformity of the individual is response to stimulus. 
Moreover, the formation of the crowd itself has to be accounted 
for, and it will be found that, in many cases, the formation of a 
crowd is nothing more nor less than the simultaneous like-response 
of many individuals to some inciting event, circumstance, or sug¬ 
gestion. In short, impression, imitation, and conformity are spe¬ 
cific modes, but not by any means the primary or simplest modes 
of stimulation and response; and some of the most important 
phenomena of concerted action can be explained only as springing 
directIv from primary like-responses, before either imitation or 
impression has entered into the process. 

This conception meets one further scientific test. It offers a 
simple and consistent view of the relation between social life and 
the material universe. It assumes that the original causes of soci¬ 
ety lie in the material environment, which may be regarded as an 
infinitely differentiated group of stimuli of like-response, and there¬ 
fore of collective action; while the products of past social life, con¬ 
stituting the historical tradition, become in their turn secondary 
stimuli. <-r secondary causes, in the social process. 

A mere momentary like-response by any number of individuals 
is the beginning of social phenomena, but it does not constitute 
a society. Before society can exist there must be continuous ex- 
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posure to like influences, and repeated reaction upon them. When 
this happens, the individuals thus persistently acting in like ways 
become themselves mentally and practically alike. But likeness 
is not identity. The degrees of resemblance or of difference in the 
manner of response to common stimuli manifest themselves as 
distinguishable types of mind and of character in the aggregate 
of individuals; while the differing degrees of promptitude and 
persistency in response have as their consequence a differentia¬ 
tion of the aggregate into leaders and followers, those that assume 
initiative and responsibility, and those that habitually look for 
guidance. These differences and resemblances have subjective con¬ 
sequences. Differing individuals become aware of their differences, 
resembling individuals become aware of their resemblances, and the 
consciousness of kind so engendered becomes thenceforth a potent 


factor in further social evolution. 

Summarizing our analysis to this point, we may say that we 
conceive of society as any plural number of sentient creatures 
more or less continuously subjected to common stimuli, to differing 
stimuli, and to interstimulation, and responding thereto in like 
behavior, concerted activity, or cooperation, as well as in unlike, 
or competitive, activity; and becoming therefore, with developing 
intelligence, coherent through a dominating consciousness of kind 
while always sufficiently conscious of difference to insure a measure 
of individual liberty. 
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utility of association. Their like-response to stimulus, their imitar- 
tive acts, the frequent appearance among them of impression and 
submission, are all purely instinctive phenomena. Not so are the 
social relations of human beings. There is no human community in 
which instinctive like-response to stimulation is not complicated by 
some degree of rational comprehension of the utility of association. 

The combinations, however, of instinct and reason are of many 
gradations; and the particular combination found in any given 
community determines its modes of like-response to stimulus and 
its consciousness of kind — establishes for it a dominant mode of 
the relation of mind to mind, or, as Tarde would have phrased it, 
of intermental activity. This dominant mode of intermental 
activity — inclusive of like-response and the consciousness of kind — 
is the chief social bond of the given community, and it affords the 
best distinguishing mark for a classification of any society on psych¬ 
ological grounds. So discriminated, the kinds of rational or human 
societies are eight, as follows: 

(1) There is a homogeneous community of blood-relatives, com¬ 
posed of individuals that from infancy have been exposed to a 
common environment and to like circumstances, and who, therefore, 
by heredity and experience are alike. Always conscious of them¬ 
selves as kindred, their chief social bond is sympathy. The kind or 
type of society, therefore, that is represented by a group of kindred 
may be called the Sympathetic. 

(2) There is a community made up of like spirits, gathered per¬ 
haps from widely distant points, and perhaps originally strangers, 
but drawn together by their common response to a belief or dogma, 
or to an opportunity for pleasure or improvement. Such is the 
religious colony, like the “Mayflower” band, or the Latter-Day 
Saints; such is the partisan political colony, like the Missouri and 
the New England settlements in Kansas; and such is the commun¬ 
istic brotherhood, like Icaria. Similarity of nature and agreement 
in ideas constitute the social bond, and the kind of society so created 
is therefore appropriately called the Congenial. 

(3) There is a community of miscellaneous and sometimes lawless 
elements, drawn together by economic opportunity—the frontier 
settlement, the cattle range, the mining camp. The newcomer 
enters this community an uninvited but unhindered probationer, 
and remains in it on sufferance. A general approbation of qualities 
and conduct is practically the only social bond. This type of 
society, therefore, I venture to call the Approbational. 

Tlie three types of society thus far named are simple, sponta¬ 
neously formed groups. The first two are homogeneous, and are 
in relatively isolated environments. The third is 
heterogeneous, and has a transitory existence where exceptional 



CONCEPTS AND METHODS OF SOCIOLOGY 793 


economic opportunities are discovered on the confines of established 
civilizations. 

Societies of the remaining five types are in a measure artificial, 
in part created by reflection — by conscious planning. They are 
usually compound, products of conquest or of federation, and, 
with few if any exceptions, they are of heterogeneous composition. 
They are found in the relatively bountiful and differentiated en¬ 
vironments. 

(4) A community of the fourth type consists of elements widely 
unequal in ability:' the strong and the weak, the brave and the 
timorous, exploiters and the exploited - like enough, conquerors 
and conquered. The social bonds of this community arc despotic 
power and a fear-inspired obedience. The social type is the Despotic. 

(5) In any community of the fifth type, arbitrary power has been 
established long enough to have identified itself with tradition and 
religion. Accepted as divinely right, it has become authority. 
Reverence for authority is the social bond, and the social type is, 


therefore, the Authoritative. . ... . 

(G) Society of the sixth type arises in populations that, like the 
Italian cities at their worst estate, have suffered disintegration of 
a preexisting social order. Unscrupulous adventurers come forward 
and create relations of personal allegiance by means of bribery, 
patronage, and preferment. Intrigue and conspiracy are the social 
bonds. The social type is the Conspirital. 

(7) Society of the seventh type is deliberately created bv n„r - 
ment The utility of association has been perceived and a com- 
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hood, theories, which later on are borrowed, adapted, and general¬ 
ized by the great humanitarian religions, like Buddhism and Christ¬ 
ianity. Suggested by societies of congenial spirits we have the 
consciousness-of-kind theories, voiced in the proverb that “birds 
of a feather flock together,” in the saying of Empedocles that “like 
desires like,” in the word of Ecclesiasticus that “all flesh consorteth 
according to kind, and a man will cleave to his like.” From appro- 
bational societies have come our natural-justice theories. From 
despotic societies have come our political-sovereignty theories that 
“ might makes right,” in the sense of creating law and order. From 
authoritative societies have come theories of the divine right of 
kings; from conspirital societies have come Machiavellian theories 
of the inevitableness of intrigue and conspiracy; and from societies 
long used to deliberative assemblies, to charters of liberty, and 
bills of rights, have come the social covenant or contract theories 
of Hobbes, Locke, and Rousseau. Finally, from societies that have 
attained the heights of civilization have come the Utopian theories, 
from Plato until now. 

Whatever the kind or type of the society, there are found in it 
four great classes or groupings of facts. 

Every society presupposes a certain number of concrete living 
individuals. The basis of every society, therefore, is a population. 
Every Social Population offers for observation phenomena of aggre¬ 
gation, or distribution of density; phenomena of composition, by 
age, sex, and race; and phenomena of amalgamation or unity. 

The social life, however, as we have seen, is a phenomenon of 
mind, and the varied modes that the common activity and inter¬ 
play of minds assume, present the second great class of social facts. 
These facts of the Social Mind, as we may call them, include the 
phenomena of stimulation and response in their geijeric forms; 
phenomena of resemblances and differences, that is to say, of types; 
phenomena of the consciousness of kind, and phenomena of con¬ 
certed volition. 

The common mental activity, taking habitual forms, creates 
permanent social relationships, that is to say, a more or less com¬ 
plex Social Organization. In this we meet the third great class of 
social facts. Two general forms may be observed. In one form, 
individuals dwell together in groups that, by coalescence and federa¬ 
tion, compose the great compound societies. These groups collect¬ 
ively may be called the social composition. In the other form, in¬ 
dividuals. with more or less disregard of residence, combine in 
associations to achieve specific ends. Such associations collectively 
rcorcsent the social division of labor, and therefore may be called 
tho wi'il constitution. In its entirety and in its subdivisions the 
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social organization is of one or another type, according as it is on 
the whole coercive, or on the whole liberal, in character. 

The fourth class of social facts pertains to the great end, to the 
attainment of which the social organization is a means. That end 
is the Social Welfare. The social welfare is seen in its most general 
form in certain public utilities, including security, justice and liberty, 
economic opportunity, and opportunity for culture. It is seen finally 
in the type of personality that the social life creates, and which must 
be studied as vitality, mentality, morality, and sociality. 

Not every society individually considered survives long enough 
to pass through all the possible stages of social evolution, but society 
in the aggregate, and in historic continuity, displays to us four 
distinguishable stages of evolutionary advance. There is, first, the 
stage of Zoogenic Association, in which the mutual aid and protec¬ 
tion practiced by animal bands plays an enormously important part 
in the differentiation of species and in the survival of those best 
endowed with intelligence and sympathy. There is, next, the stage 
of Anthropogenic Association, in which, through unnumbered ages, 
the creature that was destined to become man was acquiring the 
distinctly human attributes of language and reason. There is later 
on, the stage* of Ethnogenic Association, wherein is evolved tha 
complex tribal organization characteristic of savage and barbar.au 

life Finally, there is the stage of Civic or Demogen.c Association 
in which great peoples outgrow tribal organization, and create a 
political organization based on common mterests, .rrcspcct.ve 
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examine our concepts of the great processes of social evolution, 
and of the causes in operation. 

We accept the evolutionist point of view, and regard all the trans¬ 
formations that occur within any social group as a phase of that 
ceaseless equilibration of energy taking place throughout the uni¬ 
verse. Every finite aggregate of matter is in contact or communica¬ 
tion with other finite aggregates, no two of which are equally charged 
with energy. From the aggregate more highly charged, energy is 
given off to aggregates that are undercharged, and in this process 
the strong absorbs, or disintegrates, or transforms, the weak. Every 
social group, animal or human, since time began, has been in ceaseless 
struggle with its material environment and with other social groups. 
Whatever has happened to it or within it is most intelligibly ac¬ 
counted for if we view the process as one of equilibration of energies, 
between the group and its environment, or between group and group, 
or between unequal and conflicting elements within the group itself. 

The modes that this equilibration assumes are many. 

There is, first, the external equilibration of the society with its 
surroundings. This gives rise to the processes of migration, in which 
populations move from place to place in search of new food-supplies. 
Social groups are thus brought into conflict with one another, and 
the activities of militarism are engendered. 

There is, next, a process of combined external and internal equi¬ 
libration. Migration is its chief manifestation, but the migration 
is not now one of entire populations organized for war and conquest. 
It is one of individuals or families, moving from land to land in search 
of economic opportunity or of religious or political liberty, and its 
consequence is that exceeding heterogeneity of the demotic com¬ 
position which is seen, for example, in the population of the United 
States. 

There are, thirdly, the processes of internal equilibration. First 
among these is the differentiation of the mind of the population, 
consequent upon some degree of unlikeness and inequality in the 
responses of differing individuals to the common stimuli to which 
all arc subjected. This is followed by the segregation of resemb¬ 
ling products into types and classes. Secondly, there is an evolu¬ 
tion of the consciousness of kind, with increasing attention to means 
of communication and association. Thirdly, there is a struggle 
between strong individuals and weak, between leaders and fol¬ 
lowers, between strong and weak classes. This equilibration may 
take one of three possible forms: ( 1 ) the subjugation and per¬ 
haps the enslavement of the weak by the strong; ( 2 ) economic 
excitation; (3) the uplifting of the weak by the strong through 
education, justice, and economic aid. The moral advance of so¬ 
ciety is a progress from equilibration through subjugation and 
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exploitation to equilibration through uplifting, and it depends 
upon the broadening and deepening of the consciousness of kind. 

A fourth phase of internal equilibration appears in the strug¬ 
gle among differing groups of the like-minded in the community. 
Some elements of the population are sympathetically emotional, 
or are alike in beliefs or dogmas. Others are alike intellectually, 
rationally: they attain agreement through deliberation. In every 
community the reasoning and the unreasoning elements are in 
perpetual conflict. 

To the extent that the community is controlled by its deliber¬ 


ative element, it exhibits a policy — a more or less consistent at¬ 
tempt consciously made to control its destiny. In the history of 
human society there have been three great groups of policies, namely: 
(1) policies of unification — attempts to make all members of the 
community alike in type, in belief, and in conduct; (2) policies 
of liberty — attempts to give wide scope to individual initiative; 
(3) policies of equality — attempts to prevent the disintegration 
of society through an excess of individual liberty. The struggle of 
conflicting interests in the community, which these three modes 
of policy represent, is yet another form of internal equilibration. 

To the extent that a policy of equality is adopted, the com¬ 
munity is democratic. Political equality, equality before the law, 
and some approach toward equality of economic opportunity, 
arc the essential elements of democracy. No sooner is democracy 
evolved than we see a struggle between the forces that make for 
absolutist, and those that make for liberal democracy Ed her 
the majority is permitted to rule at will, or it fa compelled to leave 

To leave them is to state. In superior types of 
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On the methods of sociology, remark at this time must neces¬ 
sarily be brief. 

Dealing as we do with highly concrete materials, we place our 
main reliance upon systematic induction. The experimental method 
of induction, however, is of little avail in the scientific study of 
society. Although social experimenting is at all times going on, 
it is difficult to isolate causes or to control conditions with scien¬ 
tific thoroughness. Observation, therefore, and critically estab¬ 
lished records of observations made in bygone days, must be our 
main dependence, so far as the accumulation of data is concerned. 

Yet in a field so vast, observation itself would be a fruitless toil 
if it were not directed by scientific rules. Canons of guidance we 
find in the so-called comparative and historical methods. Select¬ 
ing any social fact, or correlation of facts, observed in any given 
society, we systematically search for a corresponding fact or cor¬ 
relation in all contemporaneous societies, animal and human, 
ethnic and civil. This search has one clearly defined object, namely, 
to determine whether the observed fact is a universal, and there¬ 
fore an essential, an elementary phenomenon of society, and, if 
it is not universal, to ascertain just how wide its distribution is. 
By such research we discover those resemblances and differences 
in social phenomena that are the bases of scientific classification. 

Having in this manner arrived at a scheme of classification, we 
use it in subsequent observation precisely as the chemist or the 
botanist uses the classifications that have been established in his 
science. We systematically look for the facts and the correlations 
that the classification leads us to anticipate. 

In like manner, following the historical method, we search for 
a given social fact at each stage in the historical evolution of a 
given society, and thereby determine what social phenomena are 
continuous. 

A complete scientific theory of natural causation is established 
only when our knowledge becomes quantitatively precise. Often 
the law that we seek to formulate eludes us until the correlations 
of phenomena have been determined with mathematical exact¬ 
ness. Sociology has unjustly been reproached for neglecting that 
attention to precision which is the boast of other sciences. The 
indictment of vagueness may be a true bill against individual so¬ 
ciologists. It is demonstrably not a true bill against sociology. 
It is to the scientific students of sociology that the world owes the 
discovery and development of an inestimably valuable form of 
the comparative and historical methods, namely, the statistical 
method. Every inductive science to-day is adopting this method. 
Physics, chemistry, astronomy, and geology, would be helpless 
without it. The biologists have acknowledged their dependence 
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upon it by the establishment of a statistical journal, Biometrica. 
It is not too much to claim that the possibilities of this now in¬ 
dispensable method of all the sciences were first demonstrated in 
the epoch-making social studies of Jacques Quetelet, and that its 
employment in sociology has been out of all proportion to its em¬ 
ployment elsewhere. As developed in recent years by the Dane, 
Westergaard; by Germans like Steinhauser, Lexis, and Meyer; by 
Italians, like Bodio; by Frenchmen, like Lavasseur and Dumont; by 
Englishmen, like Charles Booth, E. B. Tylor, Galton, Bowley, and 
Karl Pearson; by Americans, like Weber, Norton, Mayo-Smith, 
Cattell, Thorndike, and Boas, it has become, and will continue to 
be, the chiefly important method of sociology; and assuredly, in 
the course of time, it will bring our knowledge of society up to 
standards of thoroughness and precision comparable to the results 
attained by any natural science. 
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The turbid stream of social theory which flowed out of the past 
into the nineteenth century carried a confused mass of knowledge and 
speculation about every aspect of collective life. The penetrating 
idealism of Plato, the realistic insight of Aristotle, the semi-humorous 
sanity of More, the shrewd analysis of Machiavelli, the upheaving 
dialetic of Hobbes, the wide vision of Vico, the contagious paradoxes 
of Rousseau, the naturalistic explanations of Montesquieu, the sci¬ 
entific generalizations of Adam Smith, the optimistic dreams of 
Condorcet, the mystical interpretations of Lessing and Bunsen — all 
these conflicting, overlapping, or partial theories formed a bewildering 
tradition which it has been the task of nineteenth-century philosophers 
and scientists to sift, enlarge, and systematize. The one common idea 
appearing in many forms throughout this mass of speculation was that 
of law as finding expression in the affairs of men. This recognition 
of inevitable sequences and coexistences, to whatever cause attributed, 
was the fundamental principle which the social philosophy of the 
nineteenth century received from the past. 

The elaboration of this vast tradition has involved both analysis 
and synthesis. The mass had to be classified, differentiated. At 
the outset economic science alone had begun to assume a distinctive 
form. With the increase of observation and reflection still other facts 
were set off into specialized fields of research. Thus one outstanding 
achievement of the century has been the division of a confused 
tradition into a number of fairly well-defined social sciences. But 
there has also been a persistent effort to resist this dissolution into 
parts, to restore to their larger relationships the abstracted elements; 
i. c., to preserve the unity of social theory as a whole. Such is the 
secular antithesis between analysis and synthesis, between science 
and philosophy. 

The term “sociology” is used in at least four different senses, 
two of which are directly related to the present discussion: (1) as 
a vague general term to include the entire field of social fact and 
theory; (2) as a social philosophy which aims at a unifying con¬ 
ception of society as a whole; (3) “pure” or “general” sociology 
ser * ‘ ^osnition as a science, classifying facts and discovering 
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the laws which underlie association as such; (4) “practical" soci¬ 
ology describes the scientific treatment of the problems of social 
organization and welfare.' To the development of sociology as 
philosophy and as science this survey must be confined. 

As to method of treatment, several ways lie open. Each has 
certain advantages. The division of sociologies into (1) classifica- 
tional,* (2) biological, (3) organic, and (4) psychological, affords 
seemingly definite criteria and a natural developmental series. 
Traditional philosophic dualism displays itself also in social theories, 
which may be classified as objective or naturalistic on the one hand, 
and subjective or idealistic on the other. Again, the division into 
individualistic and collectivism has a certain significance. So also 
the chronological treatment of men and theories is of unquestioned 
value. In the present case, however, no one of these methods 
seems sufficiently flexible or comprehensive. While, therefore, 
reference will be made, as occasion may demand, to one or another 
of these classifications, this survey will select certain typical pro¬ 
blems of social science and philosophy, and will attempt to show 

(1) what kind of problems have engaged the attention of socio¬ 
logists and (2) what development of theory has been associated 
with each. The problems which have been selected for this purpose 
are the following: 

(1) The problem of conceiving society as a whole. 

(2) The problem of race-conflict and group-struggle. 

(3) The problem of the psychical nature of the group-the 

social mind. 

(41 The problem of the individual and society. 

g The problem of the influence of natural environment on the 

social group. 

(6"! The problem of social progress. 

(7) The problem of th * enduring through 
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sizing this idea. Step by step the mind is led up from physical and 
chemical combinations to organic and thence to social unities. 
This conception, familiar as it seems, was in Comte’s time by no 
means obvious, and to-day it is far from generally accepted. Persons 
and small groups, not vast social wholes, are the striking surface 
facts which hold the attention of the average observer. 

Biological sociology has elaborated the conception of social 
unity and centralization. Comte merely outlined the idea of the 
social organism. Spencer carried the analogy to a high degree of 
definite detail, insisting especially upon parallels of structure. 
Lilienfeld laid all the stress upon the nervous system, as does No- 
vicow in his theory of the social Slite. 1 So, too, Fouiltee classifies 
social organisms according to the degree of centralization they 
have attained; i. e., according to their nervous organization. 2 
Schaffle emphasized functional analogies rather than structural 
correspondences, and made much of the integration of social activ¬ 
ities in a complex common life.* Worms has carried the biological 
analogy almost to the point of asserting an identity. 4 Beneath 
all these variations in emphasis, underlying a mass of common¬ 
place, fanciful, and even grotesque parallelisms, one discovers 
always the fundamental idea of social unity, structural and func¬ 
tional. If the biological sociologists have not always seen society 
steadily, they have at least tried to see it whole. 

The so-called classificationalists who, following Comte’s example, 
have sought to solve the problems of sociology by classifying social 
phenomena into hierarchical orders, have also contributed to the 
idea of social unity. Thus Littr6 discovers four social systems which 
appear in this order: economic, political, artistic, and scientific.® 
De Greef increases the number to seven; * La Combe,with his theory 
of urgency in human motives, arranges these in an order practically 
the same as De Greef’s. 7 Others still have made classifications, 
although not of the hierarchical kind. A. Wagner classifies human 
motives under five heads, 8 while Small discovers six typical demands 
for satisfaction — demands which work themselves out into social 
activities and institutions.® It is to be noted that all these classi¬ 
fications, whether of phenomena, systems, or motives, assume a 
society which is unified by the dependence and interrelations of the 
analyzed elements. 

' Novicow, Conscience el volonU sociales (Paris, 1897), pp. 32 fT. 

FouilMe, La science sociale contemporaine (Paris, 1878), pp. 161-1G8. 

3 Schaffle, Bau und Leben des\socialen Korpers\ 2d ed. (Tubingen, 1896). 

* Worms, Organisme et soctttt (Paris, 1896), pp. 42 ff. 

I.ittnS, La science au point de xme philosophigue (Paris, 1873), pp. 367, 368. 

7 P e 9, recf * Introduction & la sociologie, vol. I, pp. 46-65. 

8 w De Vhistoire considerie comme science, pp. 69 ff. 

o n ^M lcr ’ Drundlegung der politischen Oekonomie, 3d ed. pp. ff. 

Small and Vincent, An Introduction to the Study of Society, pp. 175 ff. 
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With the shifting of emphasis from the biological to the psycho¬ 
logical analogy this theory of the social whole has been inevitably 
modified. Division of labor and interdependence have yielded 
more and more to the idea of a unity in habit, feeling, and thought. 
Tarde, for example, conceives a constant tendency toward larger 
social groups by means of ever-spreading waves of imitation. 1 This 
conception of an increasing unification of mankind is traceable in 
part to the evolutionary philosophy of the second half of the cen¬ 
tury, in part to the rapid extension of commerce and the closer 
international relations which this has involved, and in some degree 
to that idealism which Condorcet suggested, which Comte exalted, 
and which finds expression in the dream of “a parliament of nations, 
the federation of the world." 

Valuable as this philosophical idea of organic social unity and 
increasing centralization undoubtedly is, it has distinct limitations 
The biological analogy is clearly recognized as having reached and 
often transgressed the limits of its usefulness. It is the descriptive 
philosophy of an observer from without rather than the science oi 
the student at close quarters with the facts of assoc.at.on, Mallock 
has asserted that the Spencerian sociology, when tested by the 
practical demands of the times, utterly breaks down. It _has no 
solution for the problems of the day because Spencer deals xuth 
society as a whole, while all so-called social problems ar.se from 
maladjustments and conflicts between the parts of soc.ety " C ‘“ SSCS 
parties, sects, and other groups.' It is further true that the co^ept 
of society as a whole is a vague not.on at best and on ultimate 
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are developed under the reacting influence of the led. 1 Novicow 
elaborates the idea of conflict which he conceives as gradually 
passing from the crude form of violence and robbery, through 
exploitation, monopoly, and privilege, to the higher form of mental 
conflict — discussion. 2 Sighele in his study of sects and parties 
also makes much of the role of antagonism and struggle.® Marx 
utilizes the same general idea in his famous doctrine of class-con¬ 
flict. 4 Loria, too, discovers everywhere the dominance of class 
interests with no concern for the common welfare. 8 Vaccaro, on the 
other hand, while recognizing the prevalence of upper-class control, 
describes the gradual mitigation of this struggle through concession 
until a larger social unity is achieved.® Here he approaches Spencer, 
who naturally makes much of group-conflict in the early stages of 
social evolution, but almost wholly overlooks, in modem life, the 
persistence under many disguises of these “struggle-groups.” 7 
The fundamental difference between the unity school and the con¬ 
flict school is as to the degree to which unity has been attained. 
Of those who see chiefly group-struggle in society, only one, Gum- 
plowicz, refuses to admit any progress toward an ultimate harmony. 
The rest, while emphasizing the struggle phase, leave room for a 
more or less remote possibility that this conflict may be in some 
measure mitigated, if not abandoned. As a means of interpreting 
contemporary or historical social facts the conflict theory — with 
the group-psychology which this involves — has obviously a practical 
value. The organic unity of a modern city or nation is an elusive 
idea in contrast with the contests of classes, sects, races, and parties, 
which lie upon the surface. Yet it would be a serious error wholly 
to lose sight of the larger unity which actually underlies these 
apparently endless group-struggles. 

Comte based his idea of social unity not only on the organic or 
naturalistic analogy,® but on consensus or psychical community. 
Of late it is the latter concept which has been elaborated. The 
idea of a social or group-spirit is not new: it is a philosophical 
notion of long standing. The Zeitgeist, the popular will, public 
opinion, were familiar phrases long before the days of social psych¬ 
ology. Spencer, Schiiffle, and Lilienfeld recognized the psychical 

’ Patzcnhofer, Die sociologische Erkcnntniss (Leipzig, 1898), pp. 252 ff.; Wesen 
and ZiL'cek der Politik (Leipzig, 1893), pp. 657 ff. 

* Novicow, Les luttes entre socittts humaines et leurs phases successivcs (Paris, 
1893). 

3 Sighele, La psychologie des sectes (Paris, 1898). 

* Marx, Zur Kritik der politischen Oekonomie, Introduction, p. v. 

5 Loria, Les bases (conomiques de la constitution sociale, 2d ed. (Paris, 1893), 
pp. 17 ff. 

7 X? c S? ro * L* 3 6a5<?s sociologiques du droit et de Vftat (Paris, 1898), pp. 79 ff. 

Cf. Simmel, The Persistence of Social Groups, American Journal of Sncioloov. 
March, May, and July, 1898. 

Comte, Cours de philosophie, vol. iv, p. 460. 
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nature of society, but their attention was too much fixed upon the 
rounding out of their analogies. 1 They assumed what others have 
sought to analyze. The concept of the social mind is playing a more 
and more important part. It was a somewhat mystical idea with 
the founders of Volkerpsychologie, Lazarus and Steinthal, but it has 
become increasingly concrete and definite, until it may perhaps be 
regarded as the most fruitful field of contemporary sociological 
research. The need of such a theory was made clear by the failure 
of the biological school to supply an adequate explanation of social 
unity. Mere division of labor and an interdependence almost wholly 
economic left too much to be desired. 

Beginning with a general statement like this from Lazarus, “A 
people is a collection of men who regard themselves a people. It is 
the spiritual achievement of those who compose it, who ceaselessly 
create it." 2 it is instructive to trace the gradual closing-in upon the 
problem. Lewes made several illuminating observations. Psycho¬ 
logists like Wundt, James, and Baldwin were irresistibly drawn 
over into the new field. The phenomena of group opinion, fee mg, 
and conduct began to be studied in earnest. Tarde announced h» 
process of imitation, opposition, and invention; G.ddings contrib¬ 
uted "consciousness of kind" and outl.ned the mtcgrat.on o the 
social mind;" Simmel based group-unity on common symbols 
obedience loyalty, and consciousness of group-honor; Haunou 
. analysis into (1) grouping and the feeling of grouping, 
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logy of group organization and activity which demands nothing less 
than a renovation of the assumptions of all the social sciences. The 
“consent of the governed" theory, the theory of value, the ideas of 
property, sovereignty, inalienable rights, free-will, must all reckon 
with social psychology. Indeed, there are those who go so far as to 
say that sociology as a science will turn out to be nothing else than 
this psychology of association. 

This psychical nature of the group suggests another fundamental 
problem — that of the individual and society. Of Comte it has 
been said that he regarded the individual as an abstraction and 
society as the only reality. 1 On the other hand, it might be fairly 
asserted that the thorough-going individualists of the English school 
saw only persons, and thought of society itself as the abstraction. 
With Comte the family, not the individual, was the unit of the 
social organism. Spencer, in spite of occasional aberrations in favor 
of the family, represented the individual as corresponding to the 
cell in the animal body. Spencer’s political views made him adhere 
to a conventional individualism not always congruous with the bio¬ 
logical analogy. His influence told, therefore, in favor of the older 
idea of the individual as a reflecting, calculating unit, consciously 
cooperating in society for his own ends, and nicely weighing his 
own interests against those of his fellows. All the political philosophy 
of Rousseau, mediated through the French Revolution, chimed 
with this theory of the individual. Oddly enough, the “great-man" 
doctrine of Carlyle aroused Spencer to the defense of his biological 
conception of social evolution. In demonstrating the continuity 
of this process and vindicating the uniformity of causation, Spencer 
was obliged to explain the “great man" as a product of his age and 
social group — a theory which did not always jump with the impli¬ 
cations of his political creed. Before this discussion was dropped, 
William James, 2 Fiske, 3 and Grant Allen 4 had been drawn into the 
lists. The latter in his Psychology dealt with the “social self" in a 
suggestive and enlightening way. 5 This was the first of a series of 
studies by various scholars which have radically modified the con¬ 
cepts of the individual and of personality. The same problem was 
also partially involved in the attempt of Mackenzie to abstract 
the organic idea from the biological sociology. 0 One of the elements 
of this organic idea is “an intrinsic relation between the part and 
the whole,” i. e., the person and society. The essential idea in 
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‘'intrinsic” is that each gets its meaning from the other. The indi¬ 
vidual can be understood only in relation to his group, and the latter 
has no meaning apart from the persons who compose it. In this 
view not only society but the individual is an abstraction from a 
complex unity which includes both. 1 This general thesis has been 
developed by several social psychologists, notably Baldwin and 
Cooley. The former explains the growth of personality as a process of 
give-and-take with the social group. This makes for a uniformity 
which is prevented from becoming identity because of the inventions 
or particularizations of individuals. Society grows by the generaliz¬ 
ing or imitating of these particularizations. 2 The process as a whole 
closely corresponds with Tarde’s, but the latter’s psychological 
analysis of the social person is far less keen and detailed. Tins view 
of the individual as at once a social product and a social factor is 


a rational and scientific mean between the old individualism which 
made the person almost independent of his group, and the social¬ 
istic fatalism which represents the individual as merely the outcome 
of social forces over which he has no control.* 

The danger that the new social psychology might overemphasize 
uniforming tendencies and neglect the forces which individuate 
the members of a group has not been realized. Of late the tend¬ 
ency has been rather to investigate the facts and causes of indi¬ 
vidual differences. The influence of sex, 4 race, disposition, and 
occupation has been studied. Patten explains English evolution 
in terms of four types dominant at different periods — the clingers. 
sensualists, stalwarts, and mugwumps.' Giddings classifies char¬ 
acter into four categories - the forceful, convivial austere and 
rationally conscientious.* Ratronhofer regards only C ”'' 8C "'^ 
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The influence of physical environment on social organization 
and activity has long been a moot question. The contrast be¬ 
tween materialism and idealism is as old as the Politics and the 
Republic. Is man the creature of contour, soil, and climate; or 
is he the master of his fate? The Physiocrats and Montesquieu 
gave materialism an impetus which brought it well into the cen¬ 
tury. Comte’s interest in the subjective phase of social evolution 
diverted his attention largely from the objective. The rapid de¬ 
velopment of natural science, toward the middle of the century, 
again brought to the fore the naturalistic interpretation of social 
and individual differences. Buckle, Guyot, and Draper pushed 
this view to an extreme which seemed to make the continuity of 
natural forces from beginning to end not only complete but rela¬ 
tively direct. Buckle, for example, represented the “aspect of 
nature” as stamping its effect upon a people in an immediate and 
easily perceptible way. 1 The careful researches and inductions 
of geographers like Ratzel and Ripley, and the contributions of 
the Le Play school in France, have led a reaction against the theo¬ 
ries of the direct influence of nature on society. Le Play and his 
followers insist that environmental influence is mediated in an 
indirect and complex way through a long hierarchy of conditions, 
activities, and institutions, beginning with place and ending with 
the rank of the society in the scale of civilization. Vignes states 
the main thesis of the school to be that nature determines work 
and reward, which in turn mold the society and differentiate its 
population. 2 Demolins in recent volumes has illustrated the Le 
Play theories concretely as applied to the creation of different local 
types in France, and as explaining the leading racial groups of the 
world. 3 A similar tendency is observable in the United States, 
where scientists like Shaler and Brigham, historians like Hart and 
Turner, geographers like Ripley and Miss Semple, and sociologists 
like Giddings, have been at work upon the problem of environmental 
influence. The general tendency away from the idea of immediate 
effects toward the theories of influence exerted indirectly through 
social institutions is attributable largely to the increasingly important 
part which sociology is playing, not only as a science, but as a social 
philosophy which affects all the social sciences. 

The idea of social progress was fundamental with all the phil¬ 
osophers of history. Whether spiral as with Vico, or rectilinear 
as with Condorcet, the path of human advancement was not to 

1 Puckle, History of Civilization in England, 2d ed. (New York, 1863), vol. I, 
pp. 85 ff. 

n : 57 ^ 63 *' ' a science socia ^ e> d' < P r ** les principes de Le Play (Paris, 1897), 

: jVmolin s Les Francois d’aujourd'hui (Paris, 1898); Comment la route 
a** * ' social (Pans, 1901). 
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be missed. De Greef has traced the historical origin and develop¬ 
ment of this idea which was a part of the heritage of the nineteenth 
century from the past. 1 Rousseau’s “back to nature” and the 
golden age of primitive innocence left this optimistic dream in¬ 
tact. Comte by his division of sociology into static and dynamic 
provided a new term for progress which he regarded as conditioned 
by the intellectual movement generalized in the law of the three 
stages. With the prevalence of positivism all differences of opin¬ 
ion — “ intellectual anarchy ” — would perforce disappear and 
complete harmony would reign in a final static order. The idea of 
evolution as illustrated by social changes is the great central con¬ 
cept of nineteenth-century sociology. It is everywhere dominant, 
and every problem has been stated or restated in terms of the 
developmental doctrine. But evolution and progress are by no means 
synonyms. Spencer naturally discovered in his law of evolution 
certain criteria which were sometimes assumed to be those of ad¬ 
vance. Heterogeneity, coherence, definiteness, were often set up 
as tests — however abstract and difficult to apply — of social 
advancement. But Spencer really relied upon his two social 
types of militarism and industrialism with their characteristic 
status and contruct. Here was an infallible criterion. Whatever 
tended toward military autocracy portended retrogression, while 

movement toward industrial liberty and free contract wm to be 

reckoned progressive. Ward represents the Comtean theory that 
intellectual control is the guiding dynam^ agency^ M^ 
purposeful social action- is contrasted with gen s.s u con 
scious, natural social growth - and liken* ^ 
course of an ocean liner as compared with the dnf mg 

berg- 1 With Ward the problem 

matic means of progress. g ’ thrce progressive stages 

is philosophic rather ^ a ^^ ntTalitatio n: (2) criticism and 
in social evo u .on- 0 p (lcvc | 0 pment.* By these he 

of advancement and -he trend of a given 

people or society. j Balfour examined the 

1,1 an rfr titSup successively the arguments 

His conclusion was that th jg fu(i | c t0 raise t he 

grounds for predicting P rn S' css _ , would hardly take this 
question.* While sociologists as a class 

' De Greet, U HKB)'. pj?«3. 405 - 

* Giddin &“ r p^P^ 0, So P r °ffi s ' s Address (Edinburgh, 1893). 

< Balfour, A Fragment on Progress, r. y 
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view — while, as a matter of fact, they expect their researches 
to have social utility — their present interest may be said to turn 
not so much to large philosophic generalizations concerning vast 
secular movements as to the more definite scientific study of con¬ 
crete social phenomena. They are concerned rather with the laws 
of change than with the formulation of world-theories. This is 
only a manifestation of a general tendency to be noted presently. 

It remains to consider the scope and the phenomena peculiar 
to sociology as a science. Giddings asserts that it is “the general or 
fundamental science of society which occupies itself with the ele¬ 
ments and first principles of social phenomena/' leaving detailed 
investigation to special social sciences. 1 In this view sociology 
bears the same relation to these social sciences that biology sus¬ 
tains to zoology, botany, anatomy, and physiology. Small, on the 
other hand, sees in sociology “a synthesis of all the particular so¬ 
cial sciences” and regards sociologists as engaged in the task of 
“codifying the results of the special social sciences and in organiz¬ 
ing these groups of scientific data into a coherent social philoso¬ 
phy.” 3 While these views at first seem radically different, they are 
not, after all, irreconcilable. Sociology is both a science and a phil¬ 
osophy. Moreover, sociology must discover the laws of association 
as such; but these laws are discoverable only in the concrete facts 
analyzed and organized by the special social sciences. If there be 
a distinction in these ideas, it is that the fundamental view fixes 
attention on principles, while the “synthetic” theory looks also 
over the border toward policy and practice. 

Again, the phenomena peculiar to sociology are variously conceived. 
De Robcrty’s “ socialite ,” Gumplowicz’s “conflict,” De Greef’s “con¬ 
tract,” Spencer’s “cooperation,” Tarde's “imitation,” Durkhcim’s 
“coercion,” Simmel’s “subordination,” Giddings's “consciousness 
of kind,” seem at first glance to form a chaos of ideas. But on ex¬ 
amination these turn out to be simply various aspects of the struc¬ 
ture and activity of the social group as such. They are different 
characteristics common to all types of social organization. The 
fact that these characteristics are almost wholly psychical is signi¬ 
ficant of the trend of scientific sociology and goes far to identify 
it with social psychology. 3 

Sociologists have by no means reached a consensus comparable, 
for example, with that of the economists, but when variations 
in terminology have been eliminated, a considerable and ever- 
widening area of agreement emerges from the apparent confusion. 

* Guiding*, article on Sociology, Jolmson's Encyclopedia, ed. 1895. 

- Small, lor. cit., np. 54 ff. 

Septeml.er'lsos’ P '" loSOph ’ J and the Newer Sociolo 9'J, Contemporary Review, 
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Thus as to society in general all agree that it is (1) a product of 
physical and psychical forces, (2) working in an evolutionary pro¬ 
cess, in which (3) at first predominantly instinctive activities later 
yield in some measure to (4) reflective and purposeful policies. 
This view regards society as (5) organic in the general, not specific, 
sense of the term. As to the social group as a type of common 
mental life it is further agreed (1) that individuals in their very 
personal growth unconsciously incorporate the standard of their 
group, by which they are, furthermore, (2) coerced into conscious 
conformity. The uniforming influence of imitation and group 
ascendency is counteracted by (3) leaders or authorities who ini¬ 
tiate new ideas and activities to be selected and appropriated by 
all Between such leaders with their followers (4) a struggle for 
ascendency ensues. This results ultimately in (5) a relatively per¬ 
manent body of customs and institutions imbedded in feeling, 

ie group tradition or character. When the members of the group 

are aware of common ideals and purposes (6) a social conscious¬ 


ness is developed. 

If the tests of a science be formulation of laws and power to 
predict, sociology is not far advanced on the road to a scientific 
status. Such laws as have been put into definite form are too often 
either somewhat axiomatic or platitudinous, or are P hl,080 P hl ' a ! 
rather than strictly scientific. Nevertheless, especially in the field 
of social psychology, more successful rtsults have been^achieved. 
Principles closely approaching in insight and accuracy 

of progress in this direction is not wanting.' ■ 

which is conditioned on the ^^““^an the'ccono,mist about 
the sociologist is even more cautious than |hc poinl 
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ice. It has PT^pSJLtio. which has abstracted dif- 
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influenced. Quarterly Journal of Economic 

• Cf. Ross. Recent Tendencies m Sociology. 

August, 1902. 

* Barth, loc. cit., pp 10-13. 
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Of late sociology has given less heed to vague general considera¬ 
tion of society as a whole, and has come to closer quarters with 
certain phenomena of association—especially those of social psych¬ 
ology. The struggle-group as molded by conflict has received 
attention. The mental unity and processes of the group have been 
studied. The theory as to the relation of the individual to society 
has been reviewed and radically modified. Environment is thought 
of as exercising, not an immediate, but a complex and indirect 
influence on society. Vague concepts of secular progress have 
yielded to a more careful study of the conditions and laws of order 
and change. Finally, sociology is seeking to add to its service as 
a philosophy the contributions of a science which shall formulate 
valid laws as to the universal principles that underlie the phe¬ 
nomena of association. 1 

1 Caldwell's statement may be quoted here: “ The sociology of to-dav is partly 
a philosophical theory, partly a science, and partly a gospel about the tendencies 
of what is called social evolution ; it is a theory of the nature and development 
of the organization that is called society, of the manifestations in the actions of 
men of tne principles of association.” Loc. tit. 
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the hands of speculative theorists. Plato and Aristotle were socio¬ 
logists whose dialectical system maintained influence down to the 
time of Hegel. Because this thought, however, acquired little in¬ 
fluence over the reciprocal relationships of men, there was at last 
a turning of research toward social phenomena in order to derive 
theorems from experience in this field. As a matter of course, it 
was necessary that the total phenomena of human relationships 
should first of all be separated into special departments of research. 
Certain such special departments had already been for a long time 
the subject-matter of investigation. This is true of history con¬ 
sidered as chronological exhibition of social evolution, with especial 
reference to the political and cultural struggle for existence among 
peoples. A further notable department of specialization is investi¬ 
gation of economic phenomena, introduced in its modern form by 
Adam Smith. Gradually specialization took possession of all the 
important phenomena of social life, such as religion, customs, law, 
civilization, etc.; and still further the real causes of these phenomena, 
such as place of abode, climate, race, the statistical elements of 
social phenomena, etc.; so that to-day we have a mass of material 
from such investigation which it is well-nigh impossible to survey. 

Nevertheless, through these special investigations a science of 
the reciprocal relationships of human beings in general was merely 
made possible. At first they veiled the nature and the method of 
sociology. The very research which produced the building-materials 
of sociology assumed a hostile relationship toward that science. 
In order to understand this, we must observe that in the modes of 
thinking that have come into control since the eighteenth century, 
so far as social phenomena are concerned, there has been modifica¬ 
tion by a thought-movement more powerful than specialization 
itself. It has revolutionized everything that was ancient in science; 
it has subjected everything else to its method. I refer, of course, 
to the awakening and the exact development of the natural sciences. 
These have found all virtue in specialization, in the singular, in 
investigation of the microcosm, based upon mathematical certainties. 
Although it cannot be denied that the tremendous successes of the 
natural sciences are attributable to this method, yet it is not to be 
reconciled with our present realistic spirit that such one-sidedness, 
although it may be easily understood, should persist in ascribing 
ail virtue to this method, and should forget that the whole of human 
progress has not been produced by it, but rather through the inte- 
r-.Uion of ideas, through the intellectual control of the microcosm, 
hrough the formation of general ideas. How could Darwin have 
gone through his biological career if there had not been in his mind 
from the beginning the vital conception, the intuitive conviction, 
of the unity of origin of all organisms? Preceding all special labor 
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in astronomy and geology stands, in the form given to it by Kant 
and Laplace, the idea of creation. While the specializing science 
of to-day pushes the significance of the fundamental ideas, the prin¬ 
ciples, the system, into the background, they would surely have 
undermined the vital conditions of sociology, whose aim is to dis¬ 
cover correlation on the largest scale, if it were possible to arrest 
the course of development of human understanding. From suspicion 
of the dialectic philosophy men had become accustomed to accuse 
all fundamental ideas of being merely invalid inductions. This was 
entirely unjust; for, as all psychological analysis teaches, while 
they may be erroneous, they are, however, always syntheses of 
individual experiences; that is, the product of induction. It must 
be further observed that every piece of minute scientific work, in 
so far as it is not stimulated by the purpose of mere invention for 
capitalistic use, must lend itself at last to a generalizing synthesis, 
if all research is not to remain purposeless. This appears in the case 
of all public arrangements of the state and of society. 

One must, like myself, live in the atmosphere dominated by the 
traditions of learned Germany, in order to have an idea of the bitter 
struggle which the special sciences have waged against sociology. 
Nevertheless this struggle, in spite of outbreaks of hatred toward 
the founders of sociology, —as, for example, against Gumplowicz, - 
has already turned in their favor. The book-market .s swamped 
with bulky works which try to assume the appearance of sociological 
intelligence, and the designation "sociology" is applied to the most 


incongruous fields of thought. . 

Since now in all generalization induction is an inevitable con- 
dition, and every specialization must terminate with a syuthe. 
the problem before us seems simply to be to provide, as » «*•“ ** 
the synthesis that shall control social life, an induction which 
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even the most unimportant symbol. The laws of social relationship 
are like those of the universal mechanism, to be discovered only 
from a survey of all the phenomena. All absorption in a special 
group of phenomena brings with it the danger of running into anti¬ 
thesis with the laws which govern the whole; this, in other words, 
means danger of giving a false interpretation to the special. The 
Ptolemaic conception of the universe remains the perpetual warning 
of the dangers of a too narrow point of view. 

It was Comte who first recognized this truth. His positivism com¬ 
pares the facts of reflection, of sense-perception, and of social 
evolution, so that the synthesis may be an induction from an ade¬ 
quate series of experiences. We know that Comte’s work did not 
succeed, because, on the one hand, he did not have the compre¬ 
hensive knowledge of the objective phenomena of social life, and 
because, on the other hand, he had not sufficiently investigated 
man, the unit of these reciprocal relationships. Kant’s influence 
was, however, by no means without effect. His positive method 
won the conviction of investigators more and more as the method 
by which it is necessary to reach a scientific comprehension of the 
content of human relationships. This perception came into natural 
correlation with the products of special investigation. On the basis 
of the scientifically ascertained facts, of the natural laws, and of 
logic, search is now made for the social laws. Interpreted by the 
conceptions of positive monism they merge with the laws of nature 
and of reasoning into a unified doctrinal structure. Sociological 
knowledge is thus not, as hostile scholars allege, a dialectically 
woven web, but a product of the same intellectual process which 
every special science applies when it conducts research in its pecul¬ 
iar territory. The difference between this specializing minute labor 
and sociology consists merely in the fact that the latter docs not 
test its material with reference to the particular , but with reference to 
the universal. As in the case of every subject and object, there must 
go along with this testing of all phenomena with reference to their 
sociological content, investigation of man with reference to his social 
nature. This social psychology is implied in the positive method. 
It involves search on the one side for the social ego, and on the other 
side for the reaction of the life-conditions upon the ego. Because 
this social psychology teaches what social demands this ego has, and 
the investigation of the social facts teaches how these demands may 
be satisfied, we arrive at sociology as the science of reciprocal human 
relations. In the field of social psychology America possesses in 
Lester F. Ward, and in research among social facts the world pos¬ 
sesses in Herbert Spencer, a thinker who has opened new scientific 
paths. The problem is simply to combine the true tendencies in 
sociological knowledge, and to develop them into a real synthesis. 
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As this introductory discussion has shown, sociology is a 'philo¬ 
sophical discipline not on a basis of pure reasoning merely, but rather 
on the basis of all the real and intellectual facts correlated by the 
causality of all phenomena. Social life can be scientifically under¬ 
stood only on the basis of the monistic view of the world; that is, 
in the light of a philosophy which subordinates all phenomena to a 
unifying principle. It is the inevitable consequence of positivism, 
which sets over against the ego as fact the facts of the external 
world, that it rests on the same epistemological foundation on which 
rest all other empirical facts. Without this positive monism a socio¬ 
logical regularity is impossible, and I assert without reserve that it 
is the source of all scientific knowledge whatsoever. This monism 
alone permits us to understand all existence without omission, in 
complete logical correlation, as a product of evolving regularity 
(Gesctzmassigkeit). The most important precondition for the success 
of sociological science is recognition of this monism, and subsumption 
of all social phenomena under the unity of this fundamental con¬ 


ception. 

Although monism declares that in the last analysis there is regu- 
larity in phenomena, nevertheless the laws derived from this unifying 
principle vary / or the different main divisions of phenomena. To what 
extent the formal regularity applies to the whole phenomenal world; 
to what extent the physical and the biological laws reappear us 
social laws; and to what extent there is a peculiar sociological regu¬ 
larity - to answer these questions, and to distinguish between the 
two spheres, is of course the vital question for sociology us science; 
and it is (1) the fundamental problem of sociology to demonstrate 
this regularity in the spirit of the comprehensive method to which 
we have referred. When this problem is once solved, sociology not 
merely a branch of human knowledge, but along with philosophy. 

«. 
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The purpose of elevating sociology to the rank of an advisory 
science gives rise to (3) the third problem: Has the human will an 
influence upon social development f If this question is to be answered 
optimistically, there open before society the most tremendous 
prospects; but if it is to be answered pessimistically, there would 
have to be acquiescence in despair for everything noble, great, good, 
and beautiful. It is not difficult to understand that this problem 
is connected with the psychological problem of the freedom of the 
will and of the value of intellectual freedom. The solution of the 
problem demands analytical insight into the whole complex of 
social facts. 

A science which seeks to have a share in the enterprises of men 
necessarily turns its attention to the subject of future developments. 
In point of fact, all the exact and practical sciences do this, whether 
they teach that once one is one, or that HoS0 4 sprinkled upon 
KaC0 3 volatilizes C0 2 , or that at a given time there will be an 
eclipse of the moon, etc., etc. In either case we are dealing always 
with prevision of that which must necessarily occur. To-day, 
thanks to their obsolete attachment to the antique, many psychi¬ 
cal sciences are still training their vision toward the rear, and they 
are meeting all prevision and prophecy of the inevitable with a 
comical contempt. From the standpoint of sociology men will 
learn to overcome this reactionary tendency, and to recognize as 
scientific no research until, as is always the case with the natural 
sciences, it strives after future control of the phenomena. This in¬ 
fluence upon coming social development presupposes, however, 
the solution of the fourth problem, namely, (4) 11 'hat form will so¬ 
cial evolution takef This problem can be solved only on the basis 
of knowledge of previous social evolution. Its purpose is to gain 
prevision of the social necessities, in order to measure the inevitable 
and to learn the extent to which the interposition of the human 
will can have effect. 

In connection with the passing of judgment upon social develop¬ 
ment. a series of principal problems will be presented. The most 
important of these may l>e named as the fifth problem in our 
sc* ries. viz., (5) the question of the reciprocal relationships between 
individualism (subjectivism) and socialism (communalism). The 
realization of the typically human is unquestionably a work of 
individualization, which has rescued man from the communalistic 
horde condition. Personality is the noble fruit of this impulse. Its 
excess, however, brings it about that the individual regards him¬ 
self as the focus of the world. Does social evolution permit the 
unlimited process of individualization, or is it demanded that it 
shall be limited by a socialization in the common interest, and 
how may men succeed in bringing individualization and social- 
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ism — that is, individual weal and common weal —into harmony? 
One requires no profound insight into reciprocal human relationships 
to recognize that this problem is in causal relationship with the ques¬ 
tion of the political organization of society, with the total of legal 
development, and with positive ethics; that is, with the norms 
of conduct derived from the essential interests of human beings. 
When, however, we take into consideration the nature of man — 
that is, his native talents — there is at once presented (6) the tre¬ 
mendous race-problem, which may be presented in the form of the 
following questions: 

(a) Is the origin of the human race such that it can be regarded 
as a unity? What social and ethical consequences follow from the 


answer to this question? 

(6) What value has the race-concept for social evolution in gen¬ 
eral, and in particular in given times and places? 

(c) What differences of value are to be attributed to the pure 
races, which have developed the permanent forms of racial mixtures 
through in-and-in breeding, and what values arc to be assigned to 

the mixed races with fluctuating traits? 

(d) What consequences for social development follow from the 
fact of race-difference, and of the variety oj inherited talents ( An- 
lagen), as products of biological development, of history, of locality, 

of environment, and of prevailing ideas? 

This race-problem, over which fierce struggle is raging to-day 
Europe, will not be solved from the single standpoint of ethnology, 
or anthropology, or geography, or biology, because the 

centres about the solu ^ ^ ^ that arc in contact merely 
regard the amalgam _: son Q f the periods, measured by 

as an ideal. The mere P ^ evo | ution 0 f a race, with the 
thousands of years, reared t ions of social reform. 

STT belief Ta tU — ation of all the racial 

characteristics is (7) the problem «/ public 

Connected with ttas m P jg |hp question of rootmg-out 
hygiene, which m the last ' of hereditary diseases 

pathological tendencies. Pjj gonorrh ea, epilepsy, alco- 

nnd tendencies to discas . ^ t j, e mo st vital issues of 


holism, neurasthenia, etc. , attend less to the morpho- 

popular life in Europe, where people 



822 


SOCIAL STRUCTURE 


logical and physiological conditions of race-development than to 
the economic and ethical conditions. We can no longer disregard 
the fact that hereditary tendency to disease has a very consider¬ 
able part in the misery of the masses. The traditional views of 
legal philosophy upon the relation of human traits to the moral 
and social norms are in need of radical revision. The perception 
that human conduct is only the consequence of the more or less 
healthy bodily condition of men seems entirely incongruous with 
our existing systems of penal law; while, on the other hand, in 
consequence of the increase of population and the crowding of 
habitable regions, with the consequent increasing complication 
of all legal relationships, there is need of energetic protection for 
society against the excesses of the socially unfit. 

This whole range of thought presents (8) the eighth problem, 
namely: In what ratio should the political principles freedom and 
authority share in the work of civilization; and in what ratio the 
political systems centralization and autonomy t All that has been 
discovered in this connection up to the present time scarcely rises 
above the level of mere political gossip. There seems to be constantly 
increasing justification for the doubts which are expressed about 
the value of the political principles of the eighteenth and nine¬ 
teenth centuries. Social evolution presses more and more toward 
an organizing order, if it is to be possible to lead the majority of 
men into satisfying conditions. It is certain that the individualiz¬ 
ing freedom of the present time produces only a diminishing minor¬ 
ity, and that it does not bring satisfaction even to these. 

In closest connection with the race-question stands (9) the 'pro¬ 
blem of war and peace. The short-sightedness of those enthusiasts 
is more and more evident who regard perpetual peace as possible, 
because they see in war merely the caprice of the mighty of this 
world. In fact, it is more and more evident that wars are the con¬ 
sequence of social development; that is, (a) of the increase of popu¬ 
lation in reaction upon the life-conditions, and (6) of racial anti¬ 
theses. Profound insight into the nature of politics shows that it 
would be much more profitable for society if we should treat this 
question without attempting to damn war off-hand, but if we 
should try to remove the causes of war. 

The solution of the two problems last mentioned will, however, 
be possible only when the whole realm of politics is raised from 
i.s present sphere of dilettantism, of diplomatic, intrigue, or of 
personal i,.tcrest, to a scientific discipline upon the basis of socio¬ 
logical . c . It is no longer in character that science should 

ignore .mist human conspicuous activities, through which all the 
weal and woe of society is set in motion. The theory of polities . as 
tr.e u; namics of the social forces, demonstrates the practical value 
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of sociology. Only by means of a system of politics which has a 
firm hold upon the fundamental tendencies of social development, 
and which recognizes the needs of society, is it possible to reach the 
civilization of mankind, that is, a condition in which the common 
weal controls. 

Next to the biological and the political problem in significance 
stands (10) the problem of positive ethics. It may be expressed in 
the question: To what extent is the prosperity of races, nations, 
states, and societies dependent upon their morality? We know 
that the current anthropological conception credits morality with 
no significance in the destiny of peoples. This is because, from 
lack of a comprehensive sociological insight, it is not recognized 
that “good" and “bad" are in closest connection with the pro¬ 
sperity of the species. 

Tributary to the solution of this question is (11) the problem 
of the morals and the education of men; which may be divided into 
the problem of the school, of the family, of the relation of the sexes 
to each other and in society. Let me merely observe in passing 
that the question of woman’s rights is passing through a phase 
which an age sociologically mature will look upon as the most in¬ 
comprehensible confusion of humanity. 

I will further merely suggest that these problems inevitably 
raise (12) the religious problem, respecting the philosophical truth 
of the religious need of mankind, of the ethical and ideal value of 


religion in general. 

Following these chief problems there arises (13) the avic pro- 
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The totality of problems which we have spoken of as “ funda¬ 
mental, 1 ” “general,” and “principal” indicates the essential con¬ 
tent of sociology as science. The problems increase in number in 
the degree in which sociology is stimulated by the tributary sci¬ 
ences to the solution of new problems. It will be the duty of so¬ 
ciology to organize the results of all scientific activities within the 
social realm into the sociological synthesis in order to maintain 
itself constantly on a level with the highest social needs and with 
the results of science in general. If the world is really a product 
of immanent regularity, then social development cannot afford 
to be without a science which shall bring to recognition, over and 
above all special knowledge, this general regularity. Just as the 
natural sciences made their way in struggle with the prejudices 
of the Middle Ages, so must sociology and its philosophical basis, 
positive monism, make their way through the prejudices of false 
science and reactionary interests. In this respect the words of 
Goethe's Xenie are, however, still in point: 

Amerika, du hast es besser, 

Hast keine verfallenen Schlftsser. 
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The problems of social structure we find in a rather confused 
state at the present moment. In an earlier stage of sociological 
thinking considerable expectations were attached to the interpret¬ 
ation of social phenomena by means of biological analogies, or 
what was called the organic theory of society. These expectations 
may now be said to have been disappointed. The organic theory 
has almost universally been abandoned. Yet even its severest 
critics are likely to admit that there is some truth in or behind it, 
although they seem to be at a loss to explain properly what kind of 


By a curious coincidence, the three most notable representatives 
of that doctrine - the Russian, Paul von Lilienfcld, a man of high 
social standing; the German, Albert Schaffle, with a reputation 
as a political economist; and the Englishman, Herbert Spencer 
whose fame needs not to be emphasised - all departed from hfe 
in the year 1903, the two latter in the month of Oecomljer, nil _ 
advanced old age. To these three men sociology owes a do >t8 
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or not at all, kept apart nor even recognized as being distinct, viz., 
the biological, the psychological, and the sociological in what I call 
the exclusive sense, the subject of this third conception only being 
entirely new, as compared with the subjects of other sciences or 
departments of philosophy. It seems to me to be our fundamental 
task as philosophical sociologists to deduce from this last conception, 
and others implied in it, a system of social structure which shall 
contain the different notions of collective entities in their mutual 
dependence and connection; and I firmly trust that out of such a 
system will be gained a better and more profound insight into the 
evolution of society at large, and into its historical phases, as the 
life of these collective entities. It is therefore in the struggles, first 
between any of these groups and the individuals composing it; 
second, between their different forms and kinds — for instance, 
the struggles between church and empire; between church and 
cities; between church and state; between cities and other cor¬ 
porations; between the sovereign state and feudal communities, 
and consequently established orders or estates; between single states 
and a federal state — it is in these and similar struggles, presup¬ 
posing the existence of those collective entities, that the growth and 
decay of higher civilizations exhibit themselves most markedly. 

I 

When we speak of a house, a village, or a city, the idea imme¬ 
diately arising in our minds is that of a visible building, or of larger 
or smaller groups of buildings; but soon we also recollect the vis¬ 
ible contents of these buildings, such as rooms and cellars and 
their furniture; or, when groups of buildings are concerned, the 
roads and streets between them. The words “house,” “village,” 
and “city" are. however, used in a different sense when we have 
in mind the particular contents of buildings which we call their 
inhabitants, especially their human occupants. Very often, at 
least in many languages, people are not only conceived of as the 
inhabitants of. but as identical with, the buildings. We say, for 
instance, “the entire house,” “the whole village”—meaning a 
lot of people the idea of whom is closely connected with the idea 
of their usual dwelling-place. We think of them as being one with 
their common habitation. Nevertheless it is still a visible union 
of individuals which we have in mind. This visible union, how¬ 
ever. changes into an invisible one, when it is conceived of as last- 
i: through several generations. Now the house will become iden¬ 
tified with a family or perhaps with a clan. In the same manner 
a village community or a township will be imagined as a collect¬ 
ive being, which — although not in all, yet in certain important 
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respects — remains the same in essence, notwithstanding a shift¬ 
ing of matter; that is to say, an incessant elimination of waste 
portions — men who die — and a constant accretion of fresh ele¬ 
ments — children born. Here the analogy with the essential char¬ 
acteristics of an organism is obvious. Vegetable and animal organ¬ 
isms likewise are only represented by such elements as are visible 
at any time, and the law of life consists in this, that the remain¬ 
ing portions always predominate over the eliminated and the re¬ 
produced ones, and that the latter by and by move and fill up the 
vacant spaces, while the relations of parts — e. g., the coopera¬ 
tion of cells as tissues, or of tissues as organs — do not undergo 
a substantial change. Thus such an application of biological no¬ 
tions to the social life of mankind — as the organicist theories 
or methods set out to do - is not to be rejected on principle. Wo 
mav in fact, look upon any community of this kind — maintain¬ 
ing itself by receiving its parts-as being a living whole or unity. 
This view is the more plausible if the renewal itself is merely bio¬ 
logical, as indeed is the case in the human family, and, as we think, 
to a still greater extent — because a family soon disperses itself 
— in certain larger groups: a tribe, a nation, or a race; although 
there is involved in this view the question whether there is a same- 
ness of nature-or, as we usually say, of blood-guaranteed, 
as it Should be, by an in-and-in breeding of parents ^rnan/n- 
zucht) Indeed, this self-conservation of a group is the less to be 
expected, the waller the group; and it is we. known aniong 
breeders that it is necessary for the life of a herd not to continue 
!oo long selecting sires of the same breed, but from t.me totjme 
to refresh the blood by going beyond the limds of a narrou 
age, and crossing the urn J*-P-* 
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piece of the soil, and a certain group of men who dwell in that 
place and have intercourse with each other, although the place 
itself grows with the number of its inhabitants, and although even 
among these inhabitants there be, for instance, not one direct de¬ 
scendant of those who occupied the place, say, a hundred years 
ago. We may, it is true, take it to be the rule that at least a cer¬ 
tain nucleus of direct descendants keeps alive through many gen¬ 
erations — a rule so much more certain if it is a large place, a whole 
region, or even a country that we have in mind. Still we shall not 
hold this to be a conditio sine qua non for acknowledging the vil¬ 
lage or the city to be the same; it being in this respect much more 
relevant that the nucleus of the place, of the “settlement,” has 
endured and has preserved itself through the ages. Now, since 
place and region, air and climate, have a very considerable effect 
upon the intelligence and sentiment of the inhabitants, and see¬ 
ing that a considerable change may not justly be expected with 
respect to this, except when the minds as well as the external con¬ 
ditions of the newcomers are totally different from those of the 
older strata, we may consider the identity of a place, in so far as 
it is founded upon the social connection of men with a part of the 
soil, as a psychological identity, and call this aspect of social life 
a psychological aspect. There can be no doubt that this psycho¬ 
logical aspect is in great part dependent upon the biological aspect, 
and is, as a rule, closely interwoven with it. Yet it needs but little 
reflection to recognize that both are also to a certain extent sep¬ 
arate and independent of each other. The subject-matter of a 
social psychology is different from the subject-matter of a social 
biology, though there exist a great many points of contact be¬ 
tween them, and though both, apart from the foundations here 
given to them, may be applied to animal as well as to human 
societies. 


11 

Neither of the above-mentioned conceptions of a continuous 
unity or whole implies that the essential characteristic of the unity 
is perceived and recognized by those who belong to it, much less 
that it is perceived by others, by outsiders. And this is the third 
idea, by far the most important one for the present consideration 
— the idea of what I purpose to designate by the name of a cor¬ 
poration. including under it all social units whatever, in so far as 
they nave this trait in common, that the mode of existence of the 
unity or whole itself is founded upon the consciousness of its ex¬ 
istence, and consequently that it perpetuates itself by the concep¬ 
tion of its reality being transmitted from one generation to the 
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next one; which will not happen unless it be done on purpose by 
teaching, and generally in the form of tradition. This evidently 
presupposes human reason and human will, marking off sharply this 
third genus from any kind of animal subhuman society. 

We are now to give closer attention to this conception. For 
the most part, though not always, it is the conception of a unity 
different from the aggregate of members; the idea of a psychical 
or moral body, capable of willing and of acting like a single human 
being; the idea of a self or person. This person, of course, is an 
artificial or fictitious one. It represents indeed, as the former two 
conceptions did, a unity persisting through the change of its parts; 
but this unity and identity persisting in the multitude are neither 
biological nor directly and properly psychological, but must, in 
distinction from these, be considered as specifically socwlogical. 
That is to say, while the second is the social consciousness or social 
mind itself, this is the product of it, and can be understood only 
by looking into the human soul, and by perceiving thoughts and 
wills which not only have a common drift and tendency, but are 


creators of a common work. 

The idea, however, of a body capable of willing and acting .8, 
as said above, not always, and not necessarily, implied in the idea 
of a sociological unit. There is a conception preceding it as pro¬ 
toplasm precedes individual bodies; namely, the general idea o 
a society (or a community, if this important distinction is adverted 
;„), which is not essentially different from our second idea of a 
psychological unit, except in this one respect, accessory o't that 
the idea of this unit be present somehow in he 
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theorists — notably Lorenz Stein, Rudolph Gneist, and Robert 
Mohl — who were more or less strongly under the sway of Hege¬ 
lian philosophy, seeing that Hegel in his Rechtsphilosophie de¬ 
velops his idea of human corporate existence under the threefold 
heading of (1) the family, as “thesis,” (2) civil society, as “anti¬ 
thesis,” and (3) the state, as “synthesis” of the two former. 

But, though I myself lay considerable stress upon this general 
notion of society, in juxtaposition and opposition to the state or 
political society, I still regard it as more indispensable to a theory 
of social structure to inquire into the nature and causes of what 
may be called, from the present point of view, genuine corporations; 
that is, those conceived of as being capable of willing and acting 
like a single individual endowed with reason and self-consciousness. 
The question arises how a “moral person” may be considered as 
possessing this power. 

Evidently this is an impossibility, unless one single individual, 
or several together, are willing and acting in the name of that ficti¬ 
tious being. And in order justly to be taken for the volitions and 
acts of an individual distinct from their own individualities, those 
volitions and acts must be distinguishable by certain definite marks 
from the rest of their willing and acting, which they do in their own 
name; they must be differentiated formally. There must be a tacit 
or an open understanding, a sort of covenant or convention, that 
only volitions and acts so differentiated shall be considered as voli¬ 
tions and acts of the said moral person whom that one or those 
several individuals are supposed to represent. By the way, this 
question of marks and signs, consensual or conventional, by which 
a thing, physical or moral, not only is recognized as such, but by 
which its value (or what it is good for) is differentiated from its 
existence (or what it is), pervades all social life and mind, and may 
be called the secret of it. It is clear that certain signs may easily 
be fixed or invented whereby the volitions and acts of a single indi¬ 
vidual may be differentiated from the rest as being representative. 
But how if there are more than one, who only occasionally have 
one will and act together, and who cannot be supposed to agree in 
their feelings as soon as they are required to represent their moral 
person? It is well known that these must be “constituted” as an 
assembly or a? a whole capable by its constitution to deliberate 
and, what is more, to resolve and act. It must be settled by their 
own or by the will of another person (1) under what conditions, 
and w:\ respect to what subject-matters, their resolutions shall 
be con idered as representing declarations of will of their own body; 
and ( 2 ) under what conditions, and with respect to what subject- 
matU.rs, declarations of will of this body shall be valid as declara¬ 
tion:; of will of the moral person they represent. 
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It is therefore the conslUution of a multitude into a unity which 
we propose as a fourth mode, and as a necessary consequence of 
the third one, unless the moral person be represented exclusively 
by a single man or woman as a natural person. The Many consti¬ 
tute themselves or are constituted as a body, which is, as far as it 
may be, similar to a natural person in such relations as are essential 
precisely for the notion of a person. Consequently, this body also 
is a unity, but a unity conceived a priori as being destined for a 
definite purpose, viz., the representation of a moral person — the 
third or sociological kind of unity. And it is different from that 
third notion by this very relation only, which evidently cannot be 
inherent in that person himself: that, in consequence of this rela¬ 
tion, it has a visible existence apart from its own idea, while the 
moral person represented is nothing beyond his own idea. Wo may 
distinguish, therefore, between five modes of existence in a moral 
person represented by a body: (1) the ideal existence in the minds 
of its members; (2) the ideal existence of the body constituted, 
which represents the moral person, being as well in the minds 
of the natural persons who compose that body as m the minds of 
members of the corporation generally; (3) the visible existence of 
this body, being the assembly of natural persons, willing and acting 
under certain forms; (4) the intelligible existence of this assembly, 
being conditioned by a knowledge, on the part of those who exter¬ 
nal or theoretically perceive it, of its constitution and its mean¬ 
ing- (5) the intelligible existence of the moral person or the body 
represented, being conditioned by a knowledge of the relut.on 
between this corporation and the body representing it, implying the 
structure of the former in the first, and of the latter m the second 
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But it is, above all, in this respect that great differences exist 
between different kinds of corporations. The first question is whether 
individuals feel and think themselves as founders or authors or at 
least as representative ideal authors of their own corporation. Let 
us take an obvious example. Suppose a man and a woman con¬ 
tract a marriage (we waive here all questions of church or state 
regulations for making the marriage tie public). They are said to 
found a family. Now, the children springing from this union and 
growing up in this family cannot justly feel and think themselves 
as the creators or authors of it, as long as they are dependent upon 
their parents. However, they partake of it more and more consciously, 
and some day they may take upon themselves the representation 
of this whole internally and externally, in place of their father and 
mother. They may learn to feel and to think of themselves as bearers 
of the personality of this ideal being, playing, so to speak, the parts 
of the authors and founders, whom they also may survive, and will 
survive in the normal course of human events; and they may con¬ 
tinue the identity of the family beyond the death of their parents. 
They may maintain the continuity of this identical family, even 
when new families have sprung from it which may or may not regard 
themselves as members of the original one. The proposition that 
it. exists still is true at least for those who will its truth, and who 
act upon this principle; nay, it is by their thought and will that 
they are creating it anew, as it was made originally by the wills of 
the first two persons. A different question is whether the existence 
of this corporation will be recognized and acknowledged by others, 
who may stand in relations to its members, or may simply be im¬ 
partial theoretical spectators. 

But, further, there is this fundamental difference in the relation 
of individuals to that ideal entity which they think and will, whether 
they be its real or merely its representative authors, viz.: (1) they 
may look upon the corporation, which they have created really or 
ideally, as upon a thing existing for its own sake, as an end in itself, 
although it be at the same time a means for other ends; or (2) they 
may conceive it clearly as a mere tool, as nothing but an instru¬ 
ment for their private ends, which they either naturally have in 
common, or which accidentally meet in a certain point. 

The first case appears in a stronger light, if they consider the 
social entity as really existing, and especially if they consider their 
corporation as a living being; for a real thing, and especially a 
living thing, has always some properties of its own. The latter 
has even something like a will of its own; it cannot be conceived 
as being disposable, divisible, applicable, and adaptable at pleasure 
to any purpose, as a means to any end — this being the notion of 
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pure matter, as it exists only in our imagination; and therefore 
a thing which has merely a nominal existence would be really 
nothing but a mass of such imaginary matter, absolutely at one’s 
disposal, offering no resistance, being stuff in itself, that is to say, 
potentially anything one may be able to make, to knead, to shape, 
or to construe out of it (of course, real matter may and will more 
or less approach to this idea). On the other hand, to think of an 
ideal thing as being ideal is not the same as to think of it as imagin¬ 
ary matter; but if one aims at a certain object, if one follows out 
one’s designs, one is constrained by a psychological necessity to break 
resistances and to subject things as well as persons to one’s own will; 
one tends to make them all alike, as “wax in one’s hand,’’ to remove 


or to oppress their own qualities and their own wills so as to leave, 
as far as possible, nothing but a dead and unqualified heap of atoms, 
a something of which imaginary matter is the prototype. Of course, 
it is only as a tendency that this dissolving and revolutionary prin¬ 
ciple is always active, but its activity is manifest everywhere in 
social life, especially in modem society, and characterizes a con¬ 
siderable portion of the relations of individuals to each other and 
consequently to their corporations. As long as men think and re¬ 
gard “society” —that is to say, their clan or their polls, their 
church or their commonwealth — as real and as truly existing; nay, 
when they even think of it as being alive, as a mystical body, a 
supernatural person - so long will they not feel themselves as its 
masters; they will not be likely to attempt using it as a mere tool, 
as a machine for promoting their own interests; they will look upon 
it rather with awe and humility than with a sense of .heir own 
interest and superiority. And, in consequence o eehngs of t*us 
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prevail over sentiment, and which manifests itself, first and fore¬ 
most, in reflection upon a man's own personal interest, in the weigh¬ 
ing and measuring of costs and results; but, secondly, also in a 
similar reflection upon some common interest or business which a 
person, from whatever motive, selfish or not, has made his own 
affair; and, thirdly, in that unbiased interest in and reflection upon 
the nature and causes of things and events, of man’s individual 
and social existence, which we call scientific or philosophical. 

All reflection is, in the first instance, analytical. I have spoken 
already of the dissolving principle which lies in the pursuing of 
one’s own personal affairs, of which the chase after profit is but 
the most characteristic form. But the same individualistic stand¬ 
point is the standpoint, or at least the prevailing tendency, of 
science also. It is nominalism which pervades science and opposes 
itself to all confused and obscure conceptions, closely connected, as 
it is, with a striving after distinctness and clearness and mathe¬ 
matical reasoning. This nominalism also penetrates into men’s 
supposed collective realities (supernatural or not), declaring them 
to be void and unreal, except in so far as individual and real men 
have consented to make such an artificial being, to construct it, and 
to build it up mentally. Knowledge and criticism oppose them¬ 
selves to faith and intuition, in this as in most other respects, and 
try to supplant them. To know how a church or a state is created 
means the downfall of that belief in its supernatural essence and 
existence which manifestly is so natural to human feeling and 
intellect. The spirit of science is at the same time the spirit of 
freedom and of individualistic self-assertion, in contradiction and 
in opposition to the laws and ties of custom — as well as of re¬ 
ligion, so intimately connected and homologous with custom — 
which seem entirely unnatural and irrational to analytical rea¬ 
soning. This reasoning always puts the questions: What is it 
good for? Does it conduce to the welfare of those whom it pre¬ 
tends to bind or to rule? Is it in consonance with right reason 
that men should impose upon themselves the despotism of those 
laws and of the beliefs sanctioning them? The classical answer has 
been given in a startling fashion by one whom Comte called the 
father of revolutionary philosophy. There is, says Thomas Hobbes, 
a realm of darkness and misery, founded upon superstition and 
false philosophy, which is the church; and there is, or there might 
be, a realm of light and of happiness, founded upon the know¬ 
ledge of what is right and wrong; that is to say, of the laws of 
nature, dictated by reason and by experience, to check hostile 
and warlike individual impulses by a collective will and power; 
this realm is the true state, that is to say, the idea and model of 
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its purely rational structure, whether it may exist anywhere as 
yet or not. Hobbesianism is the most elaborate and most con¬ 
sistent system of the doctrine commonly known as that of “natural 
law’’ ( Natunecht ), including, as it always did, a theory of the state. 
As a matter of fact, this doctrine has been abandoned almost 
entirely, especially in Germany, where it had been exerting a very 
considerable influence in the century which preceded the French 
Revolution, when even kings and absolutist statesmen were among 
its open adherents. It has been controverted and abandoned ever 
since the first quarter of the nineteenth century — a fact which 
stands in manifest connection with the great reaction and restora¬ 
tion in the political field following the storms of that revolution 
and of Bonapartist rule in Europe. There is hardly a liberal 
school left now which dares openly profess that much derided 


theory of a “social compact.” This, I believe, is somewhat dif¬ 
ferent in the United States. As far as my knowledge goes, this 
theory — that is to say, an individualistic construction of society 
and of the state — is still the ordinary method employed in this 
country for a deduction of the normal relations between state or 
society on the one hand, and individuals, on the other; for, as 
needs no emphasizing, it is not the opinion of an original contract 
in the historical sense that is to be held in any way as a substan¬ 
tial clement of the theory. And yet the obvious criticism of that 
pseudo-element has been the most powerful argument against 
the whole theory, which consequently has seldom met with an 
intelligent and just appreciation in these latter days. Arid it is 
in opposition to it that, apart from a revival of theological in¬ 
terpretations, the recent doctrine of society or state as an organ- 
ism has become so popular for a time 'lh.s docinne o c.nn c 
was an old one. Not to speak of the ane.en.s m he «" c * Ml £ 

die Ages, it had ^ TU! 

TlLLirZZX* and religious ideals so universally 
accepted in those 

a theory of society, of 'hu* & J isaoasll ,„ of it did not 
formed, as we may safely say , we |i to the church, 

exist. This traditional organon head _ has 
the mystic body of which , ^ jt , lad regained fresh 

been transferred of late to the conception of a 

authority as a poht.cal <doc ^ or re |jgj 0 us bodies, is 

“society,” as distinguished P jt jg to ^ taken in the 

much more vague and indefinite. 
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first and second sense, which I have pointed out as a biological 
or a psychological aspect of collective life, in which case organic 
analogies hold, but the whole consideration is not properly socio¬ 
logical; or it may be taken in our third, or sociological, sense, in 
which case it implies much less than any corporation the idea of 
what may be called an organization. It is well known that a lively 
controversy has been aroused about the new organicist theory, as 
proposed by Mr. Spencer and others, chiefly among those sociolo¬ 
gists who centre about the InstitiU international of Paris, where 
the late lamented M. Tarde played so prominent a part. M. Tarde 
has been among the foremost combatants against the vague anal¬ 
ogies of organicism; and I fully agree with most of his arguments 
as set forth in the third sociological congress of 1897. I even flatter 
myself on having anticipated some of them in an early paper of 
mine upon Mr. Spencer’s sociological work, which paper, how¬ 
ever, did not become known beyond the small public of the Philo - 
sophische Monatshejte (1888). I have especially, and to a greater 
degree than M. Tarde, insisted upon the radical difference between 
a physiological division of labor and that division of labor which is 
a cardinal phenomenon of society. I said: If we justly call it a di¬ 
vision of labor that England manufactures cotton and China pro¬ 
duces tea, and that the two countries exchange their products, 
then there is not and has not been a common labor or function 
preceding this division and dividing itself, as in the case of an 
organism; no state of society being historically known where 
China and England were one whole, working in harmony upon 
the spinning-wheel and upon the tea-plant. This is far from being 
true; each had its own historical development, until they met in 
the mutual want of barter; and even this consideration implies 
that the countries themselves may justly be said to entertain 
trade and commerce with each other, though this is hardly more 
than a jaqon de parler with respect to a country like China. It 
may be objected that there is a better analogy, if we think of 
a primitive household, where labor is indeed one and is shifting 
among members of the community, while at a later stage it splits 
up into several families, some cultivating the soil, some becom¬ 
ing: warriors, or priests, or artisans and tradesmen. And in the 
same way a village community, even an independent township 
like the ancient or medieval city, and a whole territory of which 
a city is the centre, may reasonably be conceived of as one real 
household, of which all single households form organic parts. They 
would thus be contrasted with modern society, which is more 
adequately conceived of as a mere aggregate of individual house¬ 
holds, each pursuing its own interest, maybe at the cost of all the 
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others. This is my own objection, and this view is contained in 
my own theory of Gemeinschaft and GeseUschaft, meaning the dual¬ 
ism of that primitive economical condition, surviving in many 
respects down to our own days, on the one hand, and “commer¬ 
cial " or “capitalistic" society, of which the germs are traceable 
in any form of what, with an abstract term, may be called com¬ 
munism,, on the other. It is the former sense that even modern 
political economy may be spoken of (as we style it in German) 
as “national’' economy. But even if this be. allowed, the organic 
analogy does not hold other than in a rather indefinite way. Where 
is the one “social body,” which thus evolves its organs and mem¬ 
bers, being in its early stage like a single household or a village 
community, and growing to be a complex ensemble of manors and 
municipalities and great cities, some of which have their manu¬ 
factures working for foreign export, some for inland consump¬ 
tion? Is it England that has taken a development of this kind? 
Or are England and Wales? Or are Scotland, and even poor con¬ 
quered Ireland, to be included? 

The more we should try to follow out the admirable attempt 
which Herbert Spencer has made in this direction, of employing 
the organicist view as a working hypothesis, the more we should 
become convinced that our real insight into the lines along which 
social evolution travels is more hampered than promoted by that 
method of biological analogies. 


Ill 

But did I not say there was truth in the biological conception 
of social life? Indeed I did, and I say so again, if social life ,s con¬ 
sidered externally, and if we speak of a group m* a living "hole, 
where life is understood in its genuine sense, that is to *ay. bio¬ 
logically. And from this point of view, as that famous term, physi¬ 
ological division of labor,” is borrowed from economical fact 
and theory, we may vice versa apply physiological terms to social 
life, considered externally. We may s,>eak of organs and functions 
in a nation or society, or even with respect to 'Mankind at largc^ 
We may metaphorically call the civilized nations the brain of 
humanity, and we may *,y "'at the United State., has become 
an independent lobe of the cortex in the course of the last forty 
years. In the same way it was only lately, understand, ".at your 
President spoke of railways as the arteries throu,h wh,ch he blood 
of trade is circulating. The force of tins metaphor mill. I believe, 
not be impaired by the fact that several theorists pomt .n more 
than a figurative sense to money, or credit, as the social fluid in 
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which all substances of commodities are changed, and which nour¬ 
ishes again the social brain and social muscles; that is to say, men 
and women who perform mental and physical work; in conse¬ 
quence of which analogy banks, and their correspondence by let¬ 
ters and bills and checks, would, more than railways, resemble 
arteries and veins. Of course, it would be small trouble to adduce 
a number of similar ambiguities, which make sociological inquiries 
of this kind appear as a matter of rhetoric and poetry, but not of 


science. 

Is there no other, no philosophical truth at least in the com¬ 
parison of a corporation to a living body? If there is, it can, ac¬ 
cording to the present view, be only in this respect, that a corpora¬ 
tion may be thought and felt as an organic whole, upon which 
the members think and feel themselves dependent in such a way 
that they consider their own individual existence as subservient 
to the life of the whole. The question whether a “society” is an 
organism must be kept apart from the question whether there 
are “societies” the relations of which to their members are so 
qualified as to imply thoughts and feelings of that kind on the 
part of their members. We arc well aware that social systems, 
which have been called by some eminent authors “ancient soci¬ 
ety,” truly exhibited this characteristic trait. Why is not modern 
society — and. above all, the modern state — an organism in this 
peculiar sense? 

I believe, indeed, that there is strong reason for controverting 
the theory in its application to these collective beings as they act¬ 
ually are. We live, as everybody knows, in an individualistic age, 
and we seek each other’s society chiefly for the benefit that accrues 
from it; that is to say, in a comparatively small degree from mo¬ 
tives <>f sentiment, and to a comparatively great extent from con¬ 
scious reflection. It is this which makes us regard the state also 
as an instrument fit for serving our particular interests, or those we 
have in common with some or with all of our fellow citizens, rather 
than as an organism, ideally preexistent to ourselves, living its 
own life, and being entitled to sacrifices of our life and property in 
its behalf. It is true that in extraordinary times we live up to this 
iew. but then we do not speak so much of society and of the state 
as of llie fatherland which puts forward its claim to what we call 
on; patriotism. A feeling of brotherhood and fellowship, of which 
hi < : lie.ary times the traces are as sadly scarce among compatriots as 
1 ’ who arc foreigners to each other, rises in moments of 
j o.i: vr from the bottoms of our souls in effervescent bubbles. 
1 lVclii t.. be sure, is more of the nature of an emotion than 
°’ a lasting entiment. Our normal relations toward our present 
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societies and states must not be taken as being accommodated 
to this extraordinary standard. They are, howsoever men may 
boast of their patriotism, generally of a calm and calculating char¬ 
acter. We look upon the state, represented as it is by its govern¬ 
ment, as upon a person who stands in contractual rather than in 
sentimental relations to ourselves. Certainly this view is more or 
less developed in different countries, under different circumstances, 
with different individuals. But it is the one that is indorsed by 
the most advanced and the most conscious members of modern 


societies, by those powerful individuals who feel themselves as 
masters of their own social relations. Societies and states are chiefly 
institutions for the peaceful acquisition and for the protection of 
property. It is therefore the owners of property to whom we must 
look when wc are inquiring into the prevailing and growing con¬ 
ceptions of society and of the state. Now, it cannot be doubted that 
they do not consider either society or the state as representing 
that early community which has always been supposed to be the 
original proprietor of the soil and of all its treasures, since this 
would imply that their own private property had only a deriva¬ 
tive right — derived from the right and law of public property. 
It is just the opposite which they think and feel: the state has 
a derivative right of property by their allowance and their contri¬ 
butions; the state is supposed to act as their mandatary. And 
it is this view which corresponds to the facts. A modern state 
it is by no means always the youngest states that arc the most 
characteristic types of it — has little or no power over property. 

I cannot refrain from quoting here, as I have done elsewhere, 
a few sentences of the eminent American sociologist, Mr. Lewis 
Morgan, in which he sums up his reflections upon modern as con- 

trusted with “ancient socie.y:.Since .he advent o cml.zat.on 

the outgrowth of property has been so immense, , 1 s forms so di¬ 
versified, its nses so expanding, and ,ts management so'intelligent 
in the interests of its owners, that it has become, on the part of 
the people, an unmanageable power. The human mind stands be¬ 
wildered in the presence of its own creation He thinks it is true 
that “the time will come when human xnltll.gcnce will rise to the 
mastery over property, and will •« able to de/iac the rcla tons of 
the state to the property it protects, as well as the obligations 
and the limits of the rights of its owners,” declaring lo^clfunwll- 
ing, as he docs, to accept “a mere property career as the final de- 

^'nut^this"outlook into a future far distant - although it was 
written, I believe, before there were any of the giant trusts estab- 

1 Ancient Society, p. 552. 
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lished, and ere anybody in these states seemed to realize the dangers 
of the enormous power of combined capital —does not touch im¬ 
mediately the present question. It is the actual and real relation 
of the state to individuals which best reflects itself in the lack of 
power over property, as pointed out by Mr. Morgan, or in other 
words, in the subservient position which the governments hold, 
in all countries more or less, toward the wealth-possessing classes. 
I do not say — although maybe I think — that this ought to be 
different; “je ne propose Tien; j'expose” It is merely as a theoret¬ 
ical question that I touch upon this point. But I am not prepared 
to deny that it is also the great practical problem of social struc¬ 
ture — to reconstruct the state upon a new and enlarged founda¬ 
tion; that is to say, to make it, by common and natural effort, a 
real and independent being, an end in itself, a common wealth 
(spelled in two words) administered not so much for the benefit of 
cither a minority or a majority, or even of the whole number 
of its citizens, as for its own perpetual interests, which should in¬ 
clude the interests of an indefinite number of future generations, 
the interests of the race. It cannot be overlooked that there are 
at present many tendencies at work in this direction, but I believe 
they arc in part more apparent than real. The problem, we should 
confess, is an overwhelming one; and I for one do not feel at all 
sure that this splendid and transcendent civilization of ours will 
overcome its difficulties; that there will Ikj sufficient moral power, 
even if intelligence should rise to a sufficient height, for solving 
in a truly rational way the “social question” as a question of social 
st ruct ure. 

To sum up the argument, I put it in the form of a few theses 
or propositions: 

(1) The object of sociological theory proper, in distinction from 
either biological or psychological, though these be never so closely 
connected with it, is the corporation, for the most part represented, 
as it is, by a constituted body. 

02) Religious faith makes some of the most important corpora¬ 
tions appear as real, organic, mystic, and even supernatural be¬ 
ing--. Philosophical criticism is right in discovering and explaining 
that all arc creations of man. and that they have no existence except 
in so far as human intellect and human will are embodied in them. 

( : >) But nominalism is not the last word of a scientific philo¬ 
sophy. '’ ho existence of a corporation is fictitious indeed,, but still is 
son?r*t : more than nominal. The true criterion is whether it be 

rr.ncrivcri and felt as a mere tool or machine, without a life of its 
c V n - or as something organic, superior to its temporary members. 
The true nature, however,of this conception is legible only from facts. 
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(4) As a matter of fact, modem society and the modern state 
are prevailingly of a nature to correspond to an individualistic 
and nominalistic conception and standpoint. This is distinctly 
perceptible in the relation of the public power to private property. 

(5) This relation, and the relation dependent upon it, may sub¬ 
stantially change in the course of time. An organic commonwealth 
may spring into existence which, though not sanctioned by any 
religious idea, and not claiming any supernatural dignity, still, 
as a product of human reason and conscious will, may be con¬ 
sidered to be real in a higher sense than those products, as long as 
they are conceived as mere instruments serving the interests and 
objects of private individuals. 
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It is not my intention to attempt any general treatment of social 
structures. That subject would be altogether too large for a single 
paper. But, aside from that, there is no need of any such treatment. 
Probably nine tenths of all the work done in sociology thus far is 
of that kind. It consists chiefly in the description of social struc¬ 
tures or in discussions of different aspects which they present. 
But thus far 1 have met with no work dealing with the evolution 
<>i social structures. By this I mean that sociologists have been 
content to take up the social structures which they find actually 
in existence, and to consider and examine them, often going into 
the minutest details and exhaustively describing everything in any 
way relating to them as finished products; but no one has as yet 
attempted to explain what social structure is, or how these various 
products have been formed. 

As a general proposition, social structures may be said to be 
human institutions, using both terms in the broadest sense. In all 
grades and kinds of society there are human institutions, and, 
indeed, society may be said to consist of them. If we examine any 
one of them, we find that it possesses a certain permanence and 
stability. It is not a vague, intangible thing that will vanish at a 
touch, but something fixed and durable. This is because it possesses 
a structure. A structure is something that has been constructed, 
ami a study of social structure is the study of a process and not of 
a product. Our task, therefore, is not to examine the various pro¬ 
ducts of social construction, but to inquire into the methods of social 
construction. 


Our language, like our ideas, is more or less anthropomorphic. 
Man constructs, and the products are called structures. He takes 
she materials that nature provides, and with them he builds what- 



• needs—houses, vehicles. 
:> a structure, but it is an 


boats, cities. Each of these pro¬ 
artificial structure. The human 
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method of constructing is an artificial method. This consists in 
first forming in the mind an ideal of the finished product, and then 
arranging the materials in such wise that they will realize that pro¬ 
duct. The end is seen from the beginning. It is a final or teleological 
method. Nature also constructs, but the method of nature is just 
the opposite of that of man. There is no foresight, and the materials 
are added in small increments until the structure is completed. 
The method of nature is a differential or genetic method. All 
natural structures arc of this class, and social structures are natural 


structures. 

But natural structures are not so simple as might appear from 
this statement. They do not consist in the mere mechanical appo¬ 
sition of the raw materials brought into material contact. This 
would produce only a mass, a heap, a mixture; it would not pro¬ 
duce a structure. A structure implies a certain orderly arrangement 
and harmonious adjustment of the materials, an adaptation of the 
parts and their subordination to the whole. How does blind nature 
accomplish this? It does it according to a universal principle, and 
it would be impossible to convey any clear conception of the process 
of social structure without first setting forth, at least briefly, the 
character of this principle. 

It is not only in human society that natural or genetic structures 
are formed. The organic world affords perhaps the most stnkmg 
example of the process, and all organisms not only const*i of such 
structures but are themselves organic structures. Every o ei 
department of nature furnishes examples, but there is one (her 
in which the process is so simple that it is easily grasp,, b> the 
average mind. This is that of astronomy. Each one of (he heaNcnly 
bod es is a natural structure formed by the raw ms.cnals and blind 

and perfCt '' y suoh structures, in which there is perfect 

T i inent'of parts md subordination of the parts to the whole 

This last example will serve a good purpose in explaining the 

principle because we arc already familiar with the facts of centrifugal 
principle, Dec constitute the principle by which the 

an, centnpe.‘ ^ in fact , the principle that underlies 

btems are m hcr departments I here arc many other 

an genetic s ^"£.5 v "I compthe process. The principle 
elements to be eon^dem I ^ ^ inl(raclion 0 , anta _ 

may hen be stated m Us ^ thc tw0 classes , 

i/omstic lores. In "° n J ta| but , llll( . r departments there 
the centrifugal am which nCC d „«t directly oppose one 

are many antagon.st.c forc ^ ^ ^ a gr( . ;ll 

Of these forces considered by itse.f a.. 
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is in the nature of a centrifugal force. In astronomy it is well known 
that if the centrifugal forces were to operate alone, the systems 
would be immediately destroyed. This would be equally true of 
any other system and of all natural structures. Any force con¬ 
sidered in and by itself is destructive, and no single force could by 
any possibility construct a system. All systems and all structures 
are the result of the interaction of a plurality of forces checking and 
restraining one another. A single unopposed force can produce 
only motion of translation. A plurality of interacting forces holds 
the materials acted upon within a limited area, and while no matter 
or force can be destroyed, the paths are shortened and converted 
from straight lines into curves and circles, and the bodies impinged 
are made to revolve rapidly in limited circuits and vortices, and to 
arrange themselves into orderly systems with intense internal 
activities. This is the fundamental condition of all organization, 
and natural systems or genetic structures are organized mechanisms. 
If we apply it to the bodies or substances which make up the phys¬ 
ical world, we see that the intensive internal activities which they 
thus acquire constitute what we call their properties, and the differ¬ 
ences in the properties that different substances possess are simply 
the different activities displayed by their molecular components 
due to the differences in their organization. This doubtless applies 
to chemical elements as well as to inorganic or organic compounds, 
and many chemists regard even an atom as a system somewhat 
analogous to a solar system. 

In the organic world the process of organization, due to successive 
recompounding of the highest organic compounds, undergoes a 
higher degree of organization, and protoplasm is evolved, which 
is capable of carrying the process on upward, and of producing the 
progressively higher and higher forms of life. The lowest of these 
forms consist of what are called unicellular organisms, which have 
the power of multiplication or increase of numbers, but are incapable 
of any higher development. They are called “protozoans,” and 
represent the initial stage in organic development. The next step 
consists in the organic union of two or more, usually many, of these 
unicellular organisms info a multicellular organism. Such organisms 
are called “metazoans.” and with this stage begins the most import¬ 
ant class of organic structures, viz., tissues. All the organic forms 
with which any but the microscopist is familiar belong to this meta- 
Zoic Stage and present a great variety of tissues with which every¬ 
body is m«»rc or loss familiar. 


I will 
and nrga 
t hu< far. 
with l-o*l 


m>? go farther with these illustrations from the inorganic 
nic world; but it was essential, as will soon appear. To go 
>Vvi:d structures are identical,in these fundamental aspects, 
i inorganic and organic structures. They are the products 
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of the interaction of antagonistic forces. They also pass from a 
primordial stage of great simplicity into a secondary, more complex 
stage, and these two stages are closely analogous to the protozoic 
and metazoic stages of biology. I call them the “ protosocial ” and 
“ metasocial ” stages, respectively. 

If we set out with the simple propagating couple, we soon have 
the primitive family group consisting of the parents and children. 
The children are of both sexes, and they grow to maturity, pair 
off in one way or another, and produce families of the second order. 
These do the same, resulting in families of the third order, and so 
on After a few generations the group assumes considerable size 
and constitutes first a horde and finally a clan. The clan at length 
becomes overgrown and splits up into several or many c:lans sepa¬ 
rating more or less territorially, but usually adopting the rule of 
exogamy, and living on comparatively peaceful terms at no great 
distance from one another. Their mode of reproducUou >s exactly 
analogous to the process of reproduction by division u lie protozoa, 
and this is what I characterize as the protosocial stage in racc- 

de But P the e multiplication of clans through continuous reproduction 

23S5SSllsl? 

connection with it. At the g a trn( ]ition would 

sary to such a race of beintf ware y primordial group from which 
ultimately remain ° f t '^ ^ budding off from another, 

all had descended. One c . ,1^ ^ wf , east resistance, 

and moving out farther‘ urfacc X v OU ld at last become thus 
until a great area of the “. . , of cIanSf each knowing only the 

sparsely inhabited Jr» 1 Vs lhc dispersion takes place m 

few that arc located ne n nearly so as thc con- 

all directions from lhc , aturc of the food-supply will 

figuration of the country “dictions become, after a 

permit, those gcparate d from one another as to 

sufficient lapse of time, Tll0V a ll have languages, but 

constitute wholly distinct natl f r;1 lly undergo render them 

■n time the local vanat.ons Uiatjhey a( ^ so muchg0 

to all intents and puip>- tc j croups should chance to 

that if individuals of It would be the 

meet, they could not ui. • They would have 

same with their customs, hej-^. t ^ 

become in all essential r . P ^ # w|lote continent is thus peopled 

We will suppose that m wou ld now have become 

with these alien hordes and clan,, whicn 
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innumerable. The process by which this is brought about is what 
I have called “social differentiation.” But it cannot always last. 
A new process supervenes, and the stage of social differentiation 
is succeeded by a stage of social integration. The protosocial stage 
closes, and the metasocial stage comes on. In the protosocial stage 
the social structure is the simplest possible. The horde or clan is 
composed altogether of similar elements. The multiplication of 
such groups can be nothing but a repetition of similar groups, and 
there can be no change or variation, and therefore no progress or 
structural advance. Throughout the protosocial, as throughout 
the protozoic stage, there is no structural development, no evolution. 
The differentiation consists simply in the multiplication of practi¬ 
cally identical clans. Just as organic evolution began with the 
metazoic stage, so social evolution began with the metasocial stage. 
So, too, as the metazoic stage was brought about through the 
union of several or many unicellular organisms into a multicellular 
organism, so the metasocial stage was brought about by the union 
of two or more simple hordes or clans into a compound group of 
amalgamated hordes or clans. In the organic world the result was 
the formation of tissues, the multiplication of organs, and the 
integration of the parts thus united into complete organisms. In 
the social world the result was the formation of what may be properly 
called social tissues, the multiplication of social organs, and the 
integration of all the elements thus combined into peoples, states, 
and nations. The study of social structure properly begins here; 
but social structure would be wholly unintelligible without a clear 
idea of both the principle and the materials of social structure. 
The principle is the interaction of antagonistic forces, and the 
materials are the primitive hordes and clans brought into existence 
bv the process of social differentiation. We have now to descend 
from generalities and inquire into the specific character of social 
integration. A great area has become inhabited by innumerable 
human groups, but there is no organic connection between them. 
Each group lays claim to a certain area of territory, but they begin 
to encroach upon one another. Two groups thus brought into prox¬ 
imity may be. and usually are. utterly unknown to each other. The 
mutual encroachment is certain to produce hostility. War is the 
result, and one of the two groups is almost certain to prove the 


superior warrior and to conquer the other. The first step in the 
whole process i< the conquest of one race by another. This is the 
beginning of the struggle of races of which we have all heard so 
much. Most persons regard this struggle as the greatest of all 
human mi--for times. But the sociologist studies the effects of race- 
stre.'irle and i; .;i*. in it the basis of his science. The first effect is 
the subjugation of one race by another. The second effect is the 
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establishment of a system of caste, the conquering race assuming 
the role of a superior or noble caste, and the conquered race being 
relegated to the position of an inferior or ignoble caste. The greater 
part of the conquered race is enslaved, and the institution of slavery 
begins here. The slaves are compelled to work, and labor in the 
economic sense begins here. The enslavement of the producers 
and the compelling them to work was the only way m which man¬ 
kind could have been taught to labor, and therefore the whole 

industrial system of society begins here. 

The conquerors parcel out the lands to the leading military 
chieftains, and the institution of private ownership of land has 
S origin at this stage. Success in war is attributed to the favor 
of the gods, and those who pretend to be in communication with 
the gods are the most favored of men. They are installedm high 
nluccs and made the recipients of large emoluments. From the 
.... f sorcerers soothsayers, and medicine-incn they arc 
raised to that of a powerful priesthood. Henceforth they consti- 
u,e ‘ leisure class, and this is the origin of that most important 
human institution. Mutual race-hatred results in perpetual up.is- 

than the origin of_th* strtfcl^ ^ insli(ut ion about which so 
all human institutions. our ,| ;lV volumes arc yearly 

much has been written, am , |am ( |' |C or jgj„ and nature 

appearing vainly endeavoring « ' , k am | flounder in 

of the state. They state is a spontanc- 

a sea of vague and ^ ]' likc a || other social structures, from 

ous genetic product. _ forccs> checking and restraining 

the interaction of antag g(jcial struc i lirc destined to bc- 

„„e another and evoW ng ^ progrcss . Under the state there 
come the condition to |(j|| „ „ s the | aw is not 

violated^here F&5, action, and the ..Nations of human 

of property. W *th the ^ becomcs possible, as never before, 

nition of r ‘S ,lt3 U ;;^ i r a ; obJ U, that has liccn rightfully acquired, 
to enjoy undisturbed ■" - > an d belongs to its owner 

Such an object then > • ion . He need no longer fear 

S^i'ltt^nt.y^che.. and forcibly defended, it 
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will be wrested from him by others who have no other claim than 
that of superior strength. The immense sociological importance 
of this cannot be too strongly emphasized. For a man’s possessions 
need no longer be confined to what he can himself consume or en¬ 
joy; they may greatly exceed his wants, or consist of objects for 
which he has no need, but which are needed by others who have 
other things that he does want and for which he can exchange 
them. He can manufacture a single product many thousand times 
in excess of his needs, and exchange it for a great variety of other 
objects similarly produced in excess by others. We thus see that 
the institution of private property was the foundation at once of 
all trade and business and also of the division of labor. But pro¬ 
perty was not possible until the state was established, whose most 
important function was at the outset and still remains the pro¬ 
tection of the citizen in his proprietary rights. 

With the establishment of the state, or even before, there be¬ 
gins a differentiation of social tissues. The analogy with organic 
tissues is here particularly clear and useful in helping us to under¬ 
stand the process. All well-informed persons are now familiar with 
the fact that the tissues of all developed animals consist of an ecto¬ 
derm, or outer layer, an endoderm, or inner layer, and a mesoderm, 
or intermediate layer, and that out of one or the other of these 
fundamental tissues all the organs of the body are formed. Now, 
the evolution of the mctasocial body is exactly parallel to this. 
The conquering race, or superior class or caste, represents the so¬ 
cial ectoderm; the conquered race, or inferior class or caste, repre¬ 
sents the social endoderm. The social mesoderm is not so simple, 
but it is not less real. It is one of the most important consequences 
of race-amalgamation. 


Within the social body, under the regime of law and the state, 
there is intense activity. Compelled by mutually restraining forces 
to remain in one place and not fly off on various tangents, the 
vigorous elements of the new complex society display a corre¬ 
sponding intensity in their inner life. Only a small part of the 
superior race can hold high places under the state, and the great 
majority of them are obliged to support themselves by their own 
efforts. Neither are all the members of the subject race held in 
bondage; a large percentage remain free, and must of course 
maintain themselves by some form of useful activity. These two 
classes are too nearly alike in their social standing to continue long 
socially and economically independent. It must be remembered 
thai both races have descended from the same original stock, al¬ 
though they do not know it. There is therefore no essential differ¬ 
ence in their general character. The superiority by which one was 
able to conquer the other may have been due to a variety of more 
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or less accidental causes. It does not render them superior in other 
respects. The individuals of both races will differ greatly in charac¬ 
ter and ability, and members of the subject race will often excel those 
of the dominant race in certain respects. They are all struggling 
together for subsistence, and it is inevitable that their interests 
will often be the same. Race-prejudice will thus gradually give 
way, and in the general industrial strife there is a greater and 
greater commingling and cooperation. There thus arises a large 
industrial class made up of these two elements, and this class may 
be appropriately called the "social mesoderm." This industrial, 
commercial, or business class is the real life of the society. The 
ruling class becomes more and more dependent upon it for the 
supply of the resources of the state, and gradually the members 
of this class acquire more or less influence and power. 

As time goes on, the situation is accepted by all, and race-pre¬ 
judices give way. The interaction of all classes increases, and a 
general process of assimilation sets in, tending toward a complete 
blending of all classes into a single homogeneous group. Inter¬ 
marriage among the members of the two races grows more and 
more frequent, until ultimately nearly or quite all the members 
of the society have the blood of both races in their veins. The final 
outcome of it all is the production of a people. The people thus 
evolved out of heterogeneous elements is different from cither of 
the races producing it. It is a new creation, the social synthesis 
of the race-struggle, and is as homogeneous in its constitution as 

was either of its original components. 

Only one more step in this process of evolution of social struc- 
tures is possible on the simple plane on which wo have been trac¬ 
ing V and that is the making of a nation. The new people that 
hale been developed now begin to acquire an attachment, not only 
for one another as members of the society, but also for the place 
o" their birth ana activity. They realize.that they are a people 
0 id that they have a country, and there arises a love of hotI. which 
crystallises into the sentiment that we call patriotism. All are 
now ready to defend their country against outside powers, and 
"ll are filled with what we know as the national sentiment. In a 
word out of the prolonged struggle of two primarily antagonistic 
and hostile races there has at last emerged a single cemented and 

the natural and necessary result of the con- 

aZl and subjugation of one primitive group by another no less 
quest ana J ^ , distinct social structures or human in- 

than ourteen more or less distmet are deve , d: 

nwf na ' tenlTf caste ( 2 ) the institution of slavery; (3) labor 
!n Uneconomic sense; (4) the industrial system; (5) landed pro- 
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perty; (6) the priesthood; (7) a leisure class; (8) government by 
law; (9) the state; (10) political liberty; (11) property; (12) a 
business class; (13) a people; (14) a nation. 

The first two of these social structures are not now regarded 
as useful, but they were useful when formed, and, indeed, the essen¬ 
tial conditions to all the subsequent ones. The priesthood and the 
leisure class are now no longer necessary to a high civilization, 
but they still exist, and under proper limitations they have an 
important function. All institutions undergo great modifications 
and some arc completely transformed with time. 

The case considered is that of the union of two primitive groups 
which occupied at the outset the same social position, and that the 
lowest known. It may be called a case of simple social assimilation. 
That there have been many such cases there is no doubt, but no 
such could be observed by enlightened man, for the simple reason 
that no such primitive groups exist, or have existed since there have 
been enlightened men. This may sound strange when we constantly 
hear of existing hordes and clans. But I make bold to affirm that 
none of the hordes or clans now existing are at all primitive. Nay, 
J go farther and maintain that all hordes and clans, all tribes, and 
all races are equally old. The lowest race on the earth is as old 
as the most enlightened nation. There is no escape from this ex¬ 
cept in the old exploded theological doctrine of special creation. 
The theory of polygenism is a form of that doctrine applied to 
human races. To admit it involves the surrender of the whole doc¬ 
trine of evolution. If man has evolved from a lower prehuman 
stage, he emerged as man at a given time, and all human races 
have descended from that one truly primitive type. All human 
races are therefore equally old. The differences among them are 
not at all due to the time it has required to reach their present 
state, because all have had the same time in which to do this. The 
differences are wholly due to the different conditions under which 
they have been placed and in conformity with which they have 
developed. 

There has, of course, been a great variety of influences at work 
in determining the direction and degree of development of the 
races of men, but there is one element that has had more to do 
with this than any other, or perhaps than all others combined; 
that is the element with which we have been dealing, viz., the 
element of social assimilation. When we realize that all human 
races are equally old, we can readily see that all cases of simple 
assimilation, such as the one sketched, must have occurred far 
bark in the early history of man. The period of social differentia¬ 
tion may have been very long. It may have occupied half of the 
two hundred thousand years that are commonly assigned to man 
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on the earth. But whatever its length, that period is long past, 
and the period of social integration has been at least as long. All 
the cases of simple assimilation had run their course ages before 
there were any records of any kind, and human history acquaints 
us only with types of a far higher order. 

In other words, the only cases of which we have any actual 
knowledge arc cases of compound social assimilation. Compound 
assimilation results when peoples or nations that have already 
been formed in the manner described out of lower social elements 
again amalgamate on a higher plane and repeat the process. When 
one perfectly integrated nation conquers and subjugates another, 
the same steps have to be taken as in the case of simple groups. 
The struggle is as much more intense as it is higher in the scale 
of social structure. But the new structures developed through it, 
although they have the same names and the same general char¬ 
acter, become, when formed, more powerful and capable of accom¬ 
plishing much more. The new society is of a higher grade and a 
more potent factor in the world. The new state, the new people, 
the new nation, arc on a higher plane, and a long step is taken 


toward civilization. 

But all the nations of which history tells us anything have 
undergone much more still than two social assimilations. Most of 
them have undergone many, and represent highly complex struc¬ 
tures. With every fresh assimilation they rise in the scale of civil¬ 
ization. What they acquire is greater and greater social efficiency, 
and the principal differences between races, peoples, and nations 
are differences in the degree of social efficiency. Not only are the 
same social structures acquired in the first assimilation greatly 
increased and strengthened, but a large number of other, more 
or less derivative, but highly socializing, structures are added. 
The system of law, which was at first only a sort of police regula¬ 
tion, becomes a great system of jurisprudence. Government, which 
at first had but one branch, viz., the executive, acquires a judical 
and finally a legislative branch. The state becomes a vast system¬ 
atized organization. Industry, which at the beginning consisted 
wholly of slave labor under a master, and later included the sim¬ 
plest forms of trade, develops into a system of economic produc¬ 
tion, exchange, transportation, and general circulation. 1 roperty 
which primarily meant only oxen, speare, bows and arrows, and 
primitive agricultural implements, now takes varied forms, he 
most important being those symbols of property which go by he 
name of money. Under the protection of the state wealth be¬ 
comes possible to a large number who possess the thrift o acquire 
it, and this takes the form of capital, which ,s the condition to all 
industrial progress and national wealth. 



852 SOCIAL STRUCTURE 

The existence of wealth— i. e., of a large number of wealthy 
citizens — creates another kind of leisure class, and many, freed 
from the trammels of toil, turn their attention to various higher 
pursuits. Art and literature arise, and civilizing and refining influ¬ 
ences begin. Voluntary organizations of many kinds, all having 
different objects, are formed. Besides innumerable business combin¬ 
ations and corporations, there spring up associations for mutual aid, 
for intellectual improvement, for social intercourse, for amusement 
and pleasure, and also eventually for charitable and benevolent 
purposes. Educational systems are established, and the study of 
human history, of art and letters, and finally of nature, is under¬ 
taken. The era of science at last opens, invention and discovery 
are stimulated, and the conquest of nature and the mastery of the 
world begin. 

Every one of these civilizing agencies is a social structure and 
all of them are the products of the one universal process. They 
represent the products of that intensive activity which results 
from the primary clash and conflict of the social forces in the fierce 
grapple of hostile hordes and clans, and the far fiercer battles of 
developed nations bent on each other’s conquest and subjugation. 
To see all this one has only to read the history of any of the great 
nations of the world that are leading the civilization of to-day. 
Every one is familiar with the history of England, for example. 
No less than four typical social assimilations have taken place on 
English soil since the earliest recorded annals of that country began. 
Think of the animosities and hostilities, the bitter race-hatred, the 
desperate struggles, the prolonged wars, that characterize the 
history of England. What has become of all these warring elements? 
There is no country in the world where patriotism is higher than 
in England, and it is shared alike by Saxon and Celt, by Scot and 
Briton. Who now are the Normans that constituted the last con¬ 
quering race? And do the Saxons, when they can be distinguished, 
any longer feel the chains that once manacled them? The equi¬ 
libration is complete, and all class distinctions, at least those arising 
out of the race-question, have totally disappeared. On the other 
hand, consider the achievements of England. Contemplate the 
wonderful social efficiency of that many times amalgamated people. 
The sociologist cannot shut his eyes to the fact that the social effi¬ 
ciency is mainly due to the repeated amalgamations and to the 
intensity of the resultant social struggles, developing, molding, and 
strengthening social structures. 

France or Germany would show the same general truth, and 
those who are equally familiar with their history will find no diffi¬ 
culty in paralleling every step in the process of national develop¬ 
ment in all these countries. Austria seems to present an exception, 
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but the only difference is that Austria is now in the midst of a new 
social assimilation. The equilibration is not yet complete. The 
Magyar and the Slav are still in the stage of resistance. It is said 
that, on account of the differences of language, they can never be 
assimilated. But in England there was the same diversity of lan¬ 
guage, and the languages of the Romans, of the Normans, of the 
Saxons, and of the Welsh and Scots had all to undergo a process of 
mutual concession, of giving and taking, and of ultimate blending, 
to form the new resultant language. It is not probable that just 
such a result will be attained in Austria, and no one is probably wise 
enough to foreseethe end; but it seems probable that the time will 
come at last when all these race-elements will be fully conciliated 
and a great new race, people, and nation will emerge. The world 
regards the struggle sympathetically and unanimously echoes the 


sentiment: Tu jelix Austria nube. 

We know less of the great Asiatic peoples, and still less of the 
African; but so far as their history is known it is shown to have 
been one of perpetual war. This means the repeated conquest and 
subjugation of one race or nation by another, and a long series of 
social assimilations, all similar to those described. That these 
countries have not attained the same stage of culture as have those 
of Europe is due to causes too subtle and obscure to be discussed 
here, even if I were competent to discuss them; but one truth 
seems to be growing more and more clear, viz., that the difference 
is due much less to the native abilities of these peoples than to the 
external conditions to which they have been subjected. Fifty years 
ago Japan and China were habitually classed together, and they 
were regarded as inferior races incapable of any such civilization a* 
that of the Western world. No one so classes them now, and it w 
all because Japan has resolutely set about adopt mg Western .no Ik,.I s 
Should China ever do so, the result would he the same, and 
impossible to calculate what this might be. 

Hut it is not necessary that the two races brought ... .. conflict 
bc „f the same degree or order of assimilation. It .. equally P°»Uo 
that they be of very different degrees ... tins respect. Of course, 
in such cases it is easy to see which will he the conquering race. 
The race having the greatest social efficiency will cas.ly ^wtho 
other, and the process of assimilat.on w.ll he somewhat different. 
The new racial product will differ much less from the conquering 
race. That race will he prepotent and w.ll virtunfl y absorb, the 
inferior race. If the difference is very great, as where a highly 
civilized race invades the- territory occupied by a race of savages, 
the latter seems soon to disappear almost altogether, l.lee the North 
American Indians, and to evert scarcely any n>ffi.cnce. upon I Ik 
superior race. It is so in Australasia and m South Afnca. Hut 
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where there remains a great numerical disproportion of the native 
race, this latter being somewhat advanced in civilization, as in 
British India, other complications arise and new problems confront 
the student. In Mexico, and to a greater or less extent throughout 
Central and South America, there has been extensive blending of 
conquering and conquered races, giving rise to still other conditions, 
and correspondingly varying the character of the resultant social 
structures. 

This is not the place to dilate upon the remote effects of this 
vast process of universal social integration, but I cannot leave the 
subject without repeating what I have said before: that if we could 
but peer far enough into the great future, we should see this planet 
of ours ultimately peopled with a single homogeneous and com¬ 
pletely assimilated race of men — the human race — in the com¬ 
position of which could be detected all the great commanding 
qualities of every one of its racial components. And I will also add 
that to the subsequent duration of this final race on the earth there 
are no assignable limits. 

But we arc considering social structure and not social integration, 
although these are intimately bound up together. We have seen 
how social structures are formed. The spontaneous products of a 
great cosmical law, they could not be other than thoroughly or¬ 
ganized, firm, compact, and durable mechanisms, comparable to 
organic structures — tissues, organs, organisms. This is the most 
important lesson taught by the science of sociology. If all the 
world could learn it, the greater part of all political and social 
failures would be prevented. It would dispel at one blow all the 
false notions so widely current relative to the alteration, abolition, 
or overthrow of any human institution. As human institutions are 
the products of evolution, they cannot be destroyed, and the only 
way they can be modified is through this same process of evolution. 
Universal acquaintance with the causes, the laws, and the natural 
history of social structures, and with their consequent durability, 
permanence, and indestructibility, would produce a complete change 
in all the prevailing ideas of reform, and the superficial reformers, 
however well-meaning, would forthwith abandon their chimerical 
schemes, and set about studying the science of society with a view 
to the adoption of legitimate means for the direction of the course 
of social evolution toward the real and possible modification and 
perfecting of social structures. For structures are easily modified 
by appropriate methods. They are of themselves always under¬ 
going changes. It is in this that social progress wholly consists. 
But the integrity of the structures must not be disturbed. They 
must remain intact and be permitted, or even caused, to change 
in the desired direction, and to be ultimately transformed into the 
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ideal human institutions that a progressive age demands. A con¬ 
dition of social statics may thus be converted into one of social 
dynamics. All social structures taken together constitute the social 
order. The problem is to inaugurate a condition of social progress. 
This cannot be done by disturbing the social order. Order is the 
condition to progress, and progress consists in setting up dynamic 
activities in the social structures themselves. A structure repre¬ 
sents a 6tate of equilibrium, but it is never a perfect equilibrium, 
and the conversion of this partial equilibrium into a moving equi¬ 
librium, provided it moves in the right direction, is social progress. 
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(Hall 15, September 23, 10 a. m.) 

Chairman: Professor Charles A. Ell wood, University of Missouri. 
Speakers: Professor Wm. I. Thomas, University of Chicago. 

Professor Edward A. Ross, University of Nebraska. 
Secretary : Professor E. L. Hayes, Miami University. 


The Chairman of the Section of Social Psychology, was Pro¬ 
fessor Charles A. Ell wood, of the University of Missouri, who in¬ 
troduced the speakers of this Section with the following remarks: 

" Ladies and gentlemen: Those of us who are interested in the 
development of this most important part of sociology may con¬ 
gratulate ourselves that an entire section meeting has been given 
to it upon the programme of this Congress. It is safe to say that if 
this Congress had been held ten years earlier no such recognition 
would have been accorded to social psychology. We may certainly 
congratulate ourselves, therefore, upon the progress of our science. 

» I wish to call attention to the fact that this section on social 
psychology is placed under sociology, and not under psychology. 
This means of course that the officers of this Congress thought 
that in any working classification of the sciences social psychology 
must be considered as a section of sociology rather than as a section 
of psychology. Before introducing the speakers, I would like there 
fore to raise the question whether the name ‘social psychology 
is a happv one. I would much prefer <l.c name « psycholog.ca 
sociology ’ I suppose (hern is not much in a name, but I feel that 
the term ‘social psychology ’ is misleading, in that it fails even to 
sueecst that the subject covers nearly three fourths of all that is 
discussed under the head of ‘ general sociology.' But I must not 
enter further upon this discussion, as the question raised will doubt¬ 
less be dealt with adequately by the speakers of this Sect ion. 

I have now the pleasure of introducing the first speaker, Pro¬ 
fessor W. I. Thomas, of the University of Chicago, who will speak 
on ‘The Province of Social Psychology.’ ” 
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BY WILLIAM I. THOMAS 

[William L Thomas, Ph.D., Associate Professor of Sociology, University of 
Chicago- A.B. University of Tennessee, 1884; A.M. ibid. 1885; Instructor m 
English and Modem Languages, ibid. 1886-87; Adjunct Professor of English 
and Modem Languages, ibid. 1887-88; Student in Berlin and Gottingen, 1888- 
89; Professor of English, Oberlin College, 1889-94; Fellow in Sociology, Uni¬ 
versity of Cliicago, 1893-94; Professor of Sociology, Oberlin College, 1894-95; 
Assistant in Sociology, the University of Chicago, 1894-95; Instructor in 
Sociology, ibid. 1895-96; Ph.D. ibid. 1896; Assistant Professor, ibid. 1896- 
1900.] 

The conception of a social mind set forth in detail by Lazarus 
and Steinthal in the first issue of the Zeitschrijt fur Volkerpsycho¬ 
logy forty-four years ago, and the conception of society as an 
organism elaborated in the same year by Herbert Spencer in his 
essay on The Social Organism, have given rise to much discussion 
as to whether there is a social mind or a social organism in any 
other than a figurative sense. Some of this discussion has been 
fantastic and futile, and there is at present apparently a general 
tendency to agree that the social organism is nothing more than 
a useful analogy, and that there is no social mind and no social 
psychology apart from individual mind and individual psychology. 
At the same time, the development of psychology and sociology 
during the past twenty years has made it plain that the individual 
mind cannot be understood apart from the social environment, 
and that a society cannot be understood apart from the operation 
of individual mind; and there has grown up, or there is growing 
up, a social psychology whose study is the individual mental pro¬ 
cesses in so far as they are conditioned by society, and the social 
processes in so far as they are conditioned by states of conscious¬ 
ness. From this standpoint social psychology may make either 
the individual or society the object of attention at a given mo¬ 
ment. Ethnology, history, and the phenomena of collective life 
in general are its subject-matter when they are viewed from the 
psychological standpoint, — the standpoint of attention, inter¬ 
est, habit, cognition, emotion, will, etc., — and the individual 
becomes its subject-matter when we examine the effect on his 
consciousness of conditions of consciousness as found in other in¬ 
dividuals or in society at large. Otherwise stated, the province 
of social psycholog}' is the examination of the interaction of indi¬ 
vidual consciousness and society, and the effect of the interaction 
on indiv' ual consciousness on the one hand and on society on the 
other. I.*, instead of claiming for social psychology a separate 
class of phenomena, we accept this view, and regard it as an exten- 
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sion of individual psychology to the phenomena of collective life, 
we have immediately a set of important problems not included in 
the programmes of other sciences. 

Prominent among the problems which must engage the atten¬ 
tion of the social psychologist is the genesis of states of conscious¬ 
ness in the social group and their modifying influence on the habits 
of the group. In group- as in individual-life the object of an elab¬ 
orate structural organization is the control of the environment, 
and this is secured through the medium of attention. Through 
attention certain habits are set up answering to the needs of in¬ 


dividual- and group-life. When the habit is running smoothly, or 
as long as it is adequate, the attention is relaxed; but when new 
conditions and emergencies arise, the attention and the emotions 
are called into play, the old habit is broken up, and a new one is 
formed which provides for the disturbing condition. In the re- 
accommodation there is a modification and an enlargement of 
consciousness. Since it is through crisis or shock that the atten¬ 
tion is aroused and explores the situation with a view to recon¬ 
structing modes of activity, the crisis has an important relation to 
the development of the individual or of society. 

A study of society on the psychological side involves, there¬ 
fore, an examination of the crises or incidents in group-life which 
interrupt the flow of habit and give rise to changed conditions of 
consciousness and practice. Prominent among the crises of this 
nature are famine, pestilence, defeat in battle, floods, and drought, 
and in general sudden and catastrophic occurrences which are now 
or not adequately provided against; and in the process of gaining 
control again after the disturbance arc seen invention cooperation, 
sympathy, association in large numbers and on a different basis, 
resort to special individuals who have or clam, to have spe¬ 
cial power in emergencies cither as leaders or as medic,nc-men. 
Another set of incidents, regularly recurrent and anticipated n- 
deed but of a nature calling for recurrent attention are birth, 
puberty, and death. The custom, ceremonial and myth growing 
up about these incidents in group-life, and the degree to which 
special functionaries have become associated with them, indicate 
that they have had a powerful influence on the attentive processes 

arresting the attention and causing reflect,on and readjustment, 
together with the development of ideas of causation and of a spe¬ 
cial class of functionaries who act as interpreters of the phenomena 
Still another set of crises arises in connection with the conflict of 
h terest between individuals, and between the individual- and group- 
habits. Theft, assault, magical practice, and any and all mvas.on 
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of the rights of others are the occasion of the formulation of legal 
and moral practice, and of the emergence of a class of persons 
specially skilled in administering the practice. 

The mediation of crises of this nature leads, on the one hand, 
to the development of morality, religion, custom, myth, invention, 
art, and, on the other hand, to medicine-man, priest, lawgiver, 
judge, physician, artist, philosopher, teacher, and investigator. 
It leads also to the formation of special classes and castes, to the 
concentration of knowledge, wealth, power, and technique in the 
hands of particular classes and persons, and to the use of special 
opportunity on the part of the few to manipulate and exploit the 
many. Viewed merely as incidents, both the crises and the prac¬ 
tices growing up about them are a part of the history of institu¬ 
tions, but when viewed from the standpoint of attention and habit, 
they are subject-matter of social psychology. 

It is in relation also to crisis, or the disturbance of habit, that 
invention, imitation, and suggestion—factors of the greatest 
importance in social evolution — may be studied to the best ad¬ 
vantage. The crisis discloses the inadequacy of the habit, the in¬ 
vention is the mental side of the readjustment, imitation is the 
mode of reaction to the new condition or copy provided through 
invention, and suggestion is the means by which the copies are 
disseminated. Language is so rich a mine for the social psycho¬ 
logist, and so important in the study of suggestion and imitation, 
because it is not only a register of the consciousness of the race, 
but it is, more than any other medium, the means by which sug¬ 
gestion is operative, and by which the race-copies are handed on 
from generation to generation. For this reason all culture and all 
the history of culture may be said to be implicit in language. 

Another incident of profound importance to the state of con¬ 
sciousness of the group is the emergence of a great personality. 
The man of genius is a biological freak, whose appearance cannot 
be anticipated or predetermined. All that we can say is that a cer¬ 
tain number of individuals characterized by unusual artistic or 
inventive faculty, great courage, will, and capacity for organiza¬ 
tion, or unusual suggestibility in respect to religious and philo¬ 
sophical questions do occasionally appear in every group, and that 
they powerfully influence the life-direction and the conscious¬ 
ness of their groups. Moses, Mohammed, Confucius, Christ, Aris¬ 
totle, Peter the Great, Newton, Darwin, Shakespeare have left 
ineffaceable impressions on the national life, and on the mental 
states of individuals as well. The fact that a school of thinkers at 
the present day grows up about a philosopher, or that a religious 
teacher may rather about him a group of fanatically faithful* ad¬ 
herents, k a repetition of a principle of imitation which appar- 



PROVINCE OF SOCIAL PSYCHOLOGY 


863 


ently has been in force since the beginning of associated life, and 
which in the history of all groups has tended to direct the thought 
and activity of the multitude into fixed channels. On the principle 
of Columbus’s egg, one leads off and the others follow. The Cen¬ 
tral Australian oknirabata is as influential in his smaller group as 
Aristotle in a larger until the advent of the white man breaks 
up his influence. The Chinese are to-day carrying out principles 
of conduct inculcated by Confucius and Mencius, no crisis of suffi¬ 
cient importance having intervened to break up the old habits 
and establish new ones. The manner in which copies for belief and 
practice are set by the medicine-man, the priest, the political leader, 
the thinker, the agitator, the artist, and, in general, by the uncom¬ 
mon personality, as well as the more spontaneous manifestations 
of suggestion and hypnotism in public opinion and mob action, 
are to be studied from the standpoint both of individual- and of 


group-consciousness. 

Still another incident of importance to the consciousness of a 
group is contact with outsiders. The Japanese are a most instruct¬ 
ive example of the effect of foreign copies on a people sufficiently 
advanced in its own thought to make intelligent use of them. 
From time immemorial the Arabs have penetrated Africa in con¬ 
nection with trade and slavery, and if it could be written the his¬ 
tory of their influence on the native population would be most 
interesting. Similarly the contact of black and white in America 
is a subject not at all worked out from the mental ■tandpmat, and 
the American occupation of the Philippines is a condition which 
may be watched with equal interest. It » “P^-n a rcndy a 
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ment and the formation of habits suitable to social life, steps are 
taken in the development of consciousness as well as of institu¬ 
tions. The maternal system of control, and the steps by which 
filiation through descent as a basis of association gives way to as¬ 
sociation based on common activities and interests and the occupa¬ 
tion of a common territory; the psychology of the blood-feud, 
its weakness as an agent of control, the steps in its break-down, 
and the substitution of control based on law; blood-brotherhood 
and tribal marks as signs of community of interest; totemism as 
an agent of control; initiatory ceremonies as an attempt to edu¬ 
cate the young in the traditions of the tribe; tabu and fetishism 
as police agencies; secret societies and their influence in bringing 
about solidarity; property and its influence on association and 
habit; popular assemblies among the natural races and their in¬ 
fluence in promoting association; offense and punishment, par¬ 
ticularly the consideration of why an act is offensive and the pro¬ 
cess by which a punishment is selected to fit the offense — these 
are materials furnishing a concrete approach to a psychological 
study of association. In the play of attention about these practices 
we are able to trace steps in the development of the conscious¬ 
ness of the race. 

Ethnology and the kindred sciences have already established 
the fact that human nature, the external world', and the funda¬ 
mental needs of life are everywhere much alike, and that there 
is, roughly speaking, a parallelism of development in all groups, or 
a tendency in every group which advances at all to take the same 
steps as those taken by other groups. Such phenomena as spirit- 
belief and accompanying ecclesiastical institutions, blood-vengeance 
preceding juridical institutions, a maternal system preceding 
patriarchal control, ecclesiastical and political despotism preceding 
democracy, and artistic, inventive, and mythical products of the 
same general ground-pattern, show a general law of uniformity 
in progress; and it is one of the tasks of social psychology to work 
out from the standpoint of habit, attention, and stimulation what 
conditions have contributed to make differences in the progress 
of different groups; whether steps in progress, if taken at all, are 
invariably taken in the same order by all groups; and why stimu¬ 
lation or opportunity is so lacking in some groups that old habits 
are not broken up at all, and the groups remain in consequence 
non-progressive. The study of parallelism in development not 
or.'.v throws light on social development, but the fact of a common 
I' 0 -' ’ of language, myth, religion, number-, time-, and space- 
conceptions, political and legal organization under conditions 
where the possibility of borrowing is precluded, indicates that 
the same general type of mind is a possession of all races, both 
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low and high, and has an important bearing on educational theory 
and the race-questions. 

Another extension of individual psychology to the region of 
social phenomena lies in the comparison of the states of conscious¬ 
ness of different races, classes, and social epochs, with a view to 
determining what mental differences exist, and to what extent they 
are due to biological as over against social causes. This involves, 
of course, a comparative study of mental traits. 

The study of memory, sense-perceptions, and power of attention 
among different races and classes will assist in determining the 
degree to which differences of this character are innate, on the one 
hand, or due to the habitual direction of the attention and conse¬ 
quent practice, on the other. The study of mental traits must 
always be made with reference to the condition of activities pre¬ 
vailing, and the study is consequently both sociological and psych¬ 


ological. , . . , i • 

The degree to which the power of abstraction is developed in 

different groups is another fruitful line of interest. The prevailing 
opinion is that the lower races are weak in the power of abstraction, 
and certainly their languages are poor in abstract terms. But a 
people whose activities are simple cannot have a complex mental 
life Abstraction is much used in a group only when deliberative 
as over against perceptual activities engage the attention, and 
where the manipulation of complex activities ,nv ° lves “ u '" e ™ u * 
steps between the stimulus and the response, and a distinction 
between the general and the particular. The life of the savage and 
of the lower classes is of an immediate kind, with little_ menUd p ay 

between the stimulation and the act, and consequent 1> ,,ttlc oc ^ n 
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control of the individual over himself and of society over him de¬ 
pends largely on this faculty, and it is often alleged by psycho¬ 
logists and students of society that the inferior position of the lower 
races is due in part to feeble powers of inhibition, and consequent 
lack of ability to sacrifice an immediate satisfaction for a greater 
future one. An examination of the facts, however, shows that the 
savage exercises definite and powerful restraints over his impulses, 
but that these restraints do not correspond to our own. In con¬ 
nection with tabu, totemism, fetish, and ceremonial among the 
lower races, in the hunger voluntarily submitted to in the presence 
of food, as well as stoicism under physical hardships and torture, 
we have inhibitions quite as striking as any exhibited in modern 
society or in history. The occasions of inhibition depend on the 
point of view, the traditions, the peculiar life-conditions of the 
society. In the lower races the conditions do not correspond with 
our own, but it is doubtful whether the civilized make more use of 
inhibition in the manipulation of society than the savage, or whether 
the white race possesses superior power in this respect. The point, 
at any rate, is to determine the effect in a given group of inhibition 
on activities, and the reaction of the social life on the inhibitive 
processes of the individual. 

The influence of temperament among different races in deter¬ 
mining the directions of attention and interest is also an important 
social-psychological field. There is much reason to think that tem¬ 
perament, as determining what classes of stimulations are effective, 
is quite as important as brain-capacity in fixing the characteristic 
lines of development followed by a group, and that there is more 
unlikeness on the temperamental than on the mental side between 
both individuals and races. From this standpoint the social psych¬ 
ologist studies the moods and organic appetites of the lower 
races — tlie attitude toward pain and pleasure, vanity, fear, anger, 
ornamentation, endurance, curiosity, apathy, sexual appetence, 
etc. It is not impossible, for example, that the arrested develop¬ 
ment of the Negro at the period of puberty is due to the obsession of 
the mind by sexual feeling at this time, rather than to the closing 
of the sutures of the cranium. 

Similar to the question of temperament in the individuals of a 
group is that of the degree to which the affective processes, as com¬ 
pared with the cognitive, are the medium of the stimulations pro¬ 
moting social change. Cognition is of less importance than emotion 
hi s-o* activities, notably those connected with art and repro¬ 
duct .1. : nd it is even true that emotion and cognition are in certain 
conimmns incompatible. In this general region lie such questions 
aMi.o effect of rhythm on social life, particularly in bringing about 
cooperation in hunting, war, and work; the psychology of work 
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and play; the bearing on social activity of ornament, dancing, 
painting, sculpture, poetry, music, and intoxicants; and to what 
extent an organic attitude of sensitiveness to the opinion of others 
(an attitude of mind essential to the control of the individual by 
society) had its origin in courtship and to what extent in the food- 
activities. 

A comparison of the educational systems of the lower and higher 
stages of culture will assist the social psychologist in determining 
to what extent the consciousness of a group and the group-pecul¬ 
iarities on the’ mental side are organic, and to what extent they 


are bound up with the nature of the knowledge and tradition trans¬ 
mitted from one generation to another. There cannot be a high 
state of mind in a society where the state of knowledge is low, and 
if a group has not accumulated a body of scient ific knowledge, 
through specialized attention and specialized occupation, it cannot 
pass knowledge on. And doubtless the low mental condition of 
some groups is not due to lack of native intelligence, but to lack of 
the proper copies for imitation. The Chinese, for example, arc a 
race of great mental power, but they have no logic, no mathematics 
to speak of, no science, no history in the scientific sense no know- 
lodge worth the name-only precedent, and rule and precept 
It. is therefore unthinkable that the Chinese individual should be 
well educated or intelligent in the Western sense, however assidu¬ 
ously he attends his school, sinee there is no organised body of 
knowledge which he can get possession of. At the same time, the 
member^ this society may be able to master anyknow^dg n 
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corresponding with the epochs in race-development. Pedagogy 
is actually operating on the assumption of such a parallelism. It 
may well be, however, that the whole assumption is a misappre¬ 
hension. There is another view that the brain like the body of 
man was made up in the earliest times on a successful principle, 
and that it has not changed materially since, showing merely a 
capacity to manage new problems as they have arisen in the out¬ 
side world, using motor, perceptual, and coordinative processes 
more in the earlier, and abstract processes more in the later, stages 
of development. If this view is correct, the brain of the child re¬ 
capitulates the brain of the race only in the sense that the accu¬ 
mulated knowledge and standpoint of the race are so presented 
to him, and with such urgency and system that habits are broken 
up and reformed rapidly, and the mind transformed, in no bio¬ 
logical sense, but only in the sense that the attention and the con¬ 
tent of the mind are made correspondent with the world as it is at 
present. Social psychology must cooperate with psychology and 
anthropology in determining the principles underlying mental 
growth in the race and in the individual before the science of edu¬ 
cation can make any sure progress. 

The view of the province of social psychology here presented 
has at least the merit of suggesting a field of operations not occu¬ 
pied by other sciences. It is not claimed that the materials used 
arc entirely new, nor that the problems arising here may not arise 
in connection with other sciences also. But, after all, there is but 
one reality, and a new science never represented anything more 
than a new direction of the attention. The legitimacy of viewing 
the same materials from different standpoints can hardly be ques¬ 
tioned when we consider that the human brain is studied by 
psychology, anthropology, physiology, anatomy, pathology, and 
embryology, and that experience has shown this differentiation of 
attention in the study of the brain to be precisely the method 
yielding the best results. It is, indeed, the scientific procedure 
corresponding with the division of labor in the industrial pursuits 
and in the professions; and the differentiation of a social psycho¬ 
logy from the sciences of psychology, sociology, anthropology, 
ethnology, folk-lore, and history, with a class of specialists giving 
their attention to the extension of psychology to the region of 
social phenomena, will yield, we may hope, results supplementary 
to those secured by these sciences, and of importance to the study 

of life and society. 

% 
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Many of the scholars who in their sectional meetings are at this 
moment running over the “present problems” of their respect¬ 
ive sciences are in the enviable position of having only to point 
out certain stumps, bog-holes, thickets, and neglected fringes that 
mar the appearance of their well-tilled fields. It is, however, my 
unhappy duty, in reporting upon the problems besetting the pio¬ 
neers of social psychology, to make what amounts to a resurvey 
of the territory allotted to my science. So much of it is unsub¬ 
dued wilderness, so little is plowed field, that a review of the pro¬ 
blems yet to be solved requires me to run afresh the boundary-lines, 
to drive the corner stakes, to cruise the inclosed area, and to de¬ 
clare the whole domain, with the exception of certain promising 
clearings which I shall take enre to point out, open to entry and 


settlement. . , . . .. , 

Human psychology may from one l>o.nt of view be divided 

into general and special, the former dealing with that which is 
common to all minds, the latter with the difference which mark 
off one category of minds from another. General psychology may 
in turn be divided into individual and inter-individual, the former 
concerned with mind as acted upon by things and experiences, 
the latter with mind as acted upon by other minds. The latter, 
embracing as it does every possible mode of association of human 
beings, belongs to social psychology. Special psychology like¬ 
wise falls naturally into two sections, the one determining the 
mental traits of anthropic varieties, such as races, sexes, ages, 
temperaments and types; the other, of societal varieties, such as 

S classes/ c^urc -trades, etc. While there are some 
who would make social psychology coextensive with mter-indi- 
vidual psychology and confine it to studying the action of mind 
on mind, I believe it ought to include the differential psychology 
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of people reared in different civilizations, social formations, or 
family types, molded by unlike environments, occupations, and 
civil conditions. It should inquire, not only how one person is 
affected by another, but also how he is affected by variations in 
work, reward, mode of life, or tradition. If these national and class 
types are ignored by social psychology, I should like to know what 
branch of science will attend to them. 

Inter-individual psychology has to deal with two sets of pro¬ 
blems — those connected with personal relationships and those 
connected with social groupings. The former call for a descrip¬ 
tion of all the types of influence that one person can exert upon 
another, and an exposition of the content of each of the chief rela¬ 
tions in which two human beings can stand to one another. What 
precisely takes place when one person impresses or imitates, domin¬ 
ates or obeys, teaches or believes, fascinates or antagonizes another? 
In view of the importance the suggestion theory attaches to the 
hero, the apostle, and the prophet as initiators of historic move¬ 
ments, these inquiries may mean much for social science. Again, 
what is implied in such relations as friendship, dependence, dis- 
cipleship, clientage, pupilage, vassalage, agency, etc.? 

The field of personal interactions and relations has been ex¬ 
plored, and it cannot be said to offer us at the moment any serious 
problems. It would, in fact, not be difficult to glean from the great 
imaginative writings, diaries, and autobiographies of the world 
an anthology of selections that would set forth with all the elo¬ 
quence of genius the possible spiritual attitudes that persons may 
assume with respect to one another. 

What we lack, however, is a clear notion of how such simple 
inter-individual processes give rise to such massive and diffused 
products as languages, myths, customs, proverbs, and folk-lore. 
These were certainly not conceived and imposed by some super¬ 
man, nor are they the outcome of organized, associated effort. 
To wave them aside as “collective products" is to dodge the ques¬ 
tion. The building, diffusion, and transmission of languages, myths, 
and the like appear to depend, not on mass-action of any kind, 
but on innumerable molecular occurrences too petty to challenge 
general attention. Tarde’s resolution of these processes into the 
repetition and in-and-in weaving of two elementary phenomena, 
the novel combination of ideas in the individual mind — inven¬ 
tion— anil the action of mind on mind—suggestion-imitation 
— is the only plausible explanation that has ever been offered, 
and it doubtless leads a long way toward the solution of the pro¬ 
blem. 

No chapters in sociology will be so attractive as those which treat 
of human groupings. It took men a long time to discover the 
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atmosphere, because everything else is seen through that medium. 
So it took a long time to discover the existence of subjective en¬ 
vironments, because the social life of man was seen through the 
refracting prejudices inspired by some one of these environments. 
If at last the thinker is coming to appreciate the lordly r6Ie of social 
groupings, it is because the fuller accounts of man in space — 
ethnology — and in time — history — afford so broad a basis for 
comparison that he can now lift himself above the narrow horizon 
of his date and place. 

The union of men concerns us here, not because they flourish 


through their cooperation, but because their natures are corre¬ 
spondingly modified. The principles of organization, indeed, in¬ 
terest the social morphologist, but so long as associates remain 
quite self-centred, and cold-bloodedly look upon their society as 
a mere piece of mechanism helpful in the gaining of their private 
ends, there is nothing about their union to challenge the social 
psychologist. The fact is, however, that society reacts upon, trans¬ 
forms, even socializes its members. Properties appear which the 
elements in the beginning did not possess. It can be established, 
for instance, that the intellectual and moral traits of any group- 
unit depend not only upon the original characters of the units, 
but also upon two other things - upon their mode of combina¬ 
tion-a morphological fact - and their manner of interaction 
-a psychological fact. The true community at once enlarges 
and imprisons minds. The individual ceases to look upon his fe - 
low cooperators as tools, his union with them ns means o nn end. 
A consciousness of his group seizes upon lorn, and. " I, . c ' l,er 
regard this striking obsession as a monstrous souUparasite or as 
a noble graft upon an inferior stock, there is no question hat we 

overshadow. 
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together by spiritual threads stretching from person to person. In 
the higher social formations, however, people do not cohere alto¬ 
gether in this simple way. In the personal relationship the poles 
of thought are myself and my idea of the other person. But in the 
relation of compatriots, or fellow sectaries, or co-conspirators 
there comes first the thought of the ideal, leader, dynasty, territory, 
possession, organ, or symbol that serves as keystone locking the 
social arch, and then the thought of the fellow member in the same 
attitude to it that I am. Recognition of this identity of relation 
establishes between us a bond of sympathy. The vitality and 
strength of an active permanent group consists, then, not so much 
in direct attachments among the members as in the attachment 
of all to something which serves to mark off that body of persons 
from the rest of the world. 

The subjective aspect of human groupings has of late years been 
taken in hand by what is known as collective psychology, and some 
really beautiful studies have been made of the crowd, the party, 
the sect, the public, and the criminal band. They have already 
done us the great service of showing that there is more than one 
species of human association, and thereby refuting the pointless 
antithesis of “individual, society; society, individual,” the tire¬ 
some iteration of which well-nigh discredited our young science. 
These studies have, however, been random shots and show no co¬ 
ordinating idea. Too often the investigator imagines the particular 
grouping he analyzes is the pattern of all association. The first 
duty, then, is to put an end to this attempt to unlock all doors 
with one key, by classifying social groupings into genera and species. 
Once they are thrown into classes and subclasses according to their 
psychic characteristics, we shall know just how much ground there 
is to cover. The next task is so to test and graduate them as to 
reveal the principal degrees of socialization intervening between 
the absolute individual and the completest group ego. The octave 
of stages of collective individuality seems to be something like 
this: 

(1) Those of a certain category, finding a greater mental agree¬ 
ment with one another than with other persons, seek out, associate 
with, and aid one another. Here a diffused sociality exists, but no 
group ego. 

(-) They become conscious of their spiritual resemblances, and 
so begin to think of themselves as a group apart. 

( : *) In case their mental community extends to certain common 
purposes, they spontaneously coordinate their like efforts for the 
realization of these purposes. Such cooperation implies a higher 
degree of sympathy and comprehension. 

(A) They spontaneously coordinate unlike efforts for the realiza- 
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tion of their common purposes. Such division of labor favors a still 
higher degree of understanding and mutual confidence. 

(5) Directive organs are created to secure coordination of efforts. 
The concrete embodiment of collective aims in one man, or set of 
men, objectifies the group, and assists the members to a clearer 
consciousness of their unity. 

(6) The sympathy among the socii is such that they restrain 
the members of the community from aggression upon one another. 
Out of these spontaneous activities develop, first, juristic rules, 
and, later, organs of control to enforce these rules. 

(7) Organs are instituted to promote a completer socialization 
of the members of the group. By means of festivals, public wor¬ 
ship, authoritative doctrines, education, and the like, it is sought 
to realize in all, not merely specific sentiments, but a certain ideal 


of life. . . 

Whatever the intermediate shadings, these seem to be the pri- 
mary colors in the moral spectrum that leads from personal ego 
to collective ego, from atomism to a corporate consciousness that 
makes men feel they exist solely for their tribe, state, church, or 
order; and willing not only to die, but, what is more, to live for it. 
Now, after the social psychologist has determined the noteworthy 
levels in the emergence of a groupMndividuality, and has set forth 
their distinguishing characteristics, the yet more difficult task 
presents itself of ascertaining the causes and conditions of each of 
these phases of group-evolution. Some of these factors will be 
morphological, pertaining to the constitution and form of the group. 

the group undertakes to i cab what C;icriliccs ar e required? How 
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the allegiance of its members? How complete is the assimilation 
possible among them? How does time contribute to the triumph 
of the corporate self? Upon these and upon other factors, of which 
we have as yet not even an inkling, depends the degree of socializa¬ 
tion. How thick is the darkness that shrouds this process we realize, 
as we stand amazed before the manifestations by the Japanese of 
a national consciousness of an unprecedented intensity. The sys¬ 
tematic reliance upon voluntary immolation is something new in 
warfare, and no doubt ere long the envious Occidental statesmen 
and war-lords will be inciting social psychologists to discover the 
conditions in Japanese national life that generate a spirit of self- 
sacrifice so unexampled. 

Let no one interpose at this point that the search for specific 
factors, that is to say, the quest for causal laws, is vain because 
the human will is not law-abiding. It is precisely in the mass-func¬ 
tions of conscious individuals that regularities declare themselves 
and may be formulated. In dealing with the behavior of num¬ 
bers, the psychologist is not restricted to the humble duties of 
classification and description, but may with full right aspire to 
the noble office of discovering causes. 

The discriminating of levels in the emergence of a group-indi¬ 
viduality will reveal all possible encroachments of the collective 
self upon the personal self, all the possible proportions between 
corporate feeling and private interest. But can this series of levels 
be run through by any one group? If so, we could virtually plot 
the life-curve of a group from birth to death, foretell its develop¬ 
ment from stage to stage until, after it passed its zenith, it is ab¬ 
sorbed. or breaks up into other groups, or gradually disintegrates 
ami allows the erstwhile submerged personal individualities to 
reappear. 1'he idea is attractive, but illusory. There are probably 
a number of lines along which groups evolve. For example, a body 
of eccentric co-religionists, hated and persecuted, may grow more 
and more intimate, fanatical, and exclusive, until they become 
a peculiar people.’ keeping to themselves and sinking their en¬ 
tire lives in the life of the sect. Active groups, on the other hand, 
move in the direction of organization. Those who cooperate on 
behalf of some vital common interest may differentiate organ after 
organ. to serve as bearers of the common will and centres of co¬ 
ordination. Again, the community may move along the line of 
Control ' moro :, i“l “‘“re subjecting private opinion and conduct 
to general opinion, and secreting morality and law as binding ma¬ 
terial. If my surmise be correct, we are called upon to trace these 
diverging lines of group-development, and to discriminate the 
lorces at work in each of these evolutions. 

Lest I he reproached for bounding the field of collective psych- 
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ology rather than pointing out the particular problems it ought 
to attack, let me state some of the concrete questions that are 


puzzling me to-day. 

Which architect is the chief builder of group-units, Resem¬ 
blance between the units or Community of Interest? Does aware¬ 
ness of resemblance inspire sympathies which dispose men to 
unite their efforts in the joint assertion of common interests which 
were there all the time, but for which they would not consent to 
cooperate? Or, does some grave posture of affairs, which estab¬ 
lishes among men a community of interest, compel them to co¬ 
operate; and does their gratitude to one another for these services 
of mutual aid inspire sympathies which perpetuate the union after 
the occasion for it has passed away? In the one case men cleave 
to their kind and shun opposites; in the other case they seek 
helpers and shun competitors. The one emphasizes ufcas, the other 
material interests, as source of the sentiments which unite or di¬ 
vide men. It may be that the latter hypothesis holds for political 
association, while the former holds for cultural association More¬ 
over, it may be that one type prevails in the impulsive stage of 
human development, while the other type tends to prevail in the 


Granting that awareness of resemblances and differences deter¬ 
mines the attitudes of persons toward one another, what is the re¬ 
lative importance of the various elements in which people ma> 
resemble or differ? As regards physique, the thorough mix-up of 
cephalic races suggests that head-form is insignificant. Color, on 
the other hand, is an outstanding trait, and color-contrast is almost 
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“papist.” Difference in speech is a serious bar to sympathy, for 
at first another’s speech always sounds to us like the gibberish 
of a chattering ape. The higher type of man is struck by cultural 
differences only, and detests those who are “savage,” “barbar¬ 
ous,” or “benighted.” 

It would seem that the higher the plane of culture, the more 
men are affected by agreement or difference in mental content. 
Among the contents of the mind, religious beliefs are more at¬ 
tended to than general ideas, and the ideals of life than religious 
beliefs. The discovery of agreement in feeling is more socializing 
than intellectual agreement. The common enthusiasm for a sym¬ 
bol, or a common love for a chief or dynasty, is of marked social¬ 
izing value. Unlike persons or groups draw together in fellow¬ 
ship if they are embraced in the same envy or hatred by a third 
party. Realizing that outsiders think of them as a group tends to 
form persons into a group. The perception of a common purpose 
gradually inspires sympathy, and thus are socialized those who 
are physically different, but who nevertheless have a community 
of interest. 

Still, it is not entirely clear under what conditions those who 
have a vital common interest to promote will feel and act together. 
We now understand fairly well the circumstances that favor or 
oppose the rise of a group-individuality in local communities, pro¬ 
vinces, sections, and nations. But the emergence of an individu¬ 
ality in interpenetrating socio-economic classes will not be clear 
until certain neglected factors are brought into consideration. 
How is the attitude of a man toward the rest of his class affected 
by the fact that socio-economic classes are in a hierarchy, and 
individuals arc constantly escaping from one class into a higher? 
Docs not the secret hope of rising prompt many a man to iden¬ 
tify himself in imagination with the class he hopes to belong to 
rather than the class he actually belongs to? Arc not the con¬ 
flicts that, in view of their clear oppositions of interest, one would 
expect to break out between commoners and nobles, between 
peasants and bourgeoisie, between workingmen and employers, 
frequently averted because the natural leaders and molders of 
opinion among the workingmen hope to become capitalists, the 
peasants expect to see their sons in the professions, the rich com¬ 
moners trust to work themselves or their families into the peer¬ 
age? If this surmise be correct, the decomposition of the national 
society into hostile classes need not ensue when the decline of na¬ 
tion-- antagonism leaves in high relief the acute differentiation 
ne population in respect to possessions and economic interests. 
It may be that, besides the breaking-up of population into a social 
spectrum, there is needed the further condition that the ascent 
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from the red toward the violet end of this social spectrum shall be 
too difficult and rare to tempt the 61ite of a lower grade to re¬ 
nounce its present class-interest in favor of a higher class it hopes 
at last to enter. 

With the growth of the social mind in extent and comprehen¬ 
sion one cannot help wondering what will be the fate of personal 
individuality. Will there be more room for spontaneity and choice, 
or is the individual doomed to shrivel as social aggregates enlarge 


and the mass of transmitted culture becomes huger and more in¬ 
tegrated? As that cockle-shell, the individual soul, leaving the 
tranquil pool of tribal life, passes first into the sheltered lake of 
some city community, then into the perilous sea of national life, 
and at last emerges upon the immense ocean of humanity’s life, 
does it enjoy an ever-widening scope for free movement and self- 
direction, or does it, too frail to navigate the vaster expanses, be¬ 
come more and more the sport of irresistible waves and currents. 

On the one hand it may be urged that, as one rises clear of bodily 
wants and promptings, one’s self-determination contracts, one a 
life is more and more molded by conceptual rather than impul¬ 
sive factoYs; that is to say, by ideas, ideals, beliefs, principles, 
and the like. The growing preponderance of such factors subjects 
•i man more to his social environment, for these are just the things 
that are easiest taken on by imitation or stamped in by educa¬ 
tion. You say the stock of possessions to choose from grows with 
each generation. True, but nevertheless the incompatible ideas 
and ideals become fewer, because one of the incompatible* ex¬ 
terminates the other. Consider, moreover, ho "'. ,hc ' 
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various sciences find a still higher synthesis in systems of philo¬ 
sophy. 

On the other hand, there is certainly a progressive diversifica¬ 
tion and enrichment of culture which offers one a greater number 
of options and permits him to indulge his individual fancy. The 
great variety of sects seems harbinger of the day when there will 
be as many creeds as there are believers. Science, of course, be¬ 
ing a verified transcript of reality, can be but one; but just as a 
widening circle of light enlarges the ring of darkness, a growth of 
the known gives fresh opportunities to speculate about the un¬ 
known. The widening scope for the play of individuality is seen 
in the coexistence in our Occidental culture of a greater number 
of types of music, styles of painting or architecture, forms of litera¬ 
ture, theories of life and conduct. Since these appeal to the needs 
of diverse temperaments, it is unlikely that the spirit of uni¬ 
fication will bring about the triumph of one over the rest or their 
co-adaptation into one form. The Protestant will not absorb the 
Catholic, nor the Methodist the Presbyterian. Italian and German 
opera, lyric and dramatic poetry, realistic fiction and romance, 
Stoicism and Epicureanism, marriage as sacrament and marriage 
as contract, the “woman” ideal and the “lady” ideal, will persist 
side by side because they meet the needs of different people. Just 
as a developed society partly compensates for the cramping of 
specialism by offering the individual a greater variety of vocations 
to select from, so a developed culture affords multifarious opportun¬ 
ities from which each can choose what is congenial to his nature. 

The question posed is, to be sure, part of a larger question, 
namely, What are the influences and conditions that socialize or 
individualize? St. Simon thinks the life of humanity alternates 
between “organic” epochs and “critical” epochs. It may be there 
is no such rhythm in history, but there are certainly upbuilding 
forces and down-tearing forces, which shift their balance from 
time to time. It is our business to discover which processes are 
emancipating and which are limiting; to ascertain what institu¬ 
tions and types of education conduce to self-determination, and 
how far this is compatible with social unity; to inquire whether it 
is well to standardize ideas. Iwdiefs. and tastes, or. on the contrary, 
to encourage variety, nonconformity, even eccentricity, for the 
sake of having a culture that will provide for every sort of mind 
its natural aliment. 

t 

Leaving now the inter-individual—that is to say, the strictly 
“social'’ — division of our science, we come to the special psych¬ 
ology <*f nationalities and classes, in so far as they are of societal 
rather than of natural origin. 
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One of our first tasks is to settle whether national characteristics 
should be dealt with by social psychology or handed over to ethno¬ 
logy. This depends on whether differences in national traits are due 
primarily to race-endowment or to situation and history. It is 
certain that “blood” is not a solvent of every problem in national 
psychology, and that “race” is no longer a juggler’s hat from which 
you can draw explanations for all manner of moral contrasts and 
peculiarities. Nowadays no one charges to inborn differences the 
characteristic contrasts between Englishmen and Russians, between 
Jews and Christians, between Javanese and Japanese. The marvel¬ 
ous transformation, to-day of Japan, to-morrow perhaps of China 
and Siam and the Philippines, makes one doubt if even the impassive 
Oriental is held fast in the net of race. Perhaps the soul-markings 


of Anglo-Saxons or Slavs or Orientals are of societal origin, due to 
the capitalization of centuries of experience in unlike situations, 
and to the injection and saturation of individual minds with these 
transmitted products by means of social circumpressurc. When 
the Apache youth returned from Hampton, the Hindoo back from 
Eton, or the Chinaman home from Yale, reverts to ancestral ways, 
everybody cries “ Race! ” But why ignore the force of early impres¬ 
sions? If we had caught them as sucklings instead of as adoles¬ 
cents, perhaps there would be no reversion. Why should we expect 
a few years of schooling to bleach those who have been steeped 
since their ’teens in a special environment and culture? 

The broad moral contrasts between German, Turk, and Gipsy 
must be due to race or to environment, physical and sociul. Now, 
how much weight ought we to assign to the race-factor? For my 
own part, I doubt if ideas ever get into the blood, or feelings and 
dispositions that depend on particular ideas The Chinaman is not 
born a conservative, the Turk a fatalist, the Hindoo a pessimist 
the Semite a monotheist. Notions and beliefs do not become fixed 
race-characters, nor do the emotions and conduct ^.mected u.th 
them become congenital. Yet. considering how differently the 
peoples have been winnowed and selected by their respective environ¬ 
ments, occupations, and histories, I see no reason why there should 
not arise between them differences in motor and emotional response 


t0 Eve7now in the same stock, nay, even in the same family we 
find congenital differences in the strength of the sex-appetite m 
the taste for liquor, in the craving for excitement, in II anderlusl, in 
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environment the temperate, a niggardly environment the laborious, 
a capricious environment the forelooking? Will not the restless 
survive under nomadism, the bold under militancy, the supple 
under slavery, the calculating in an era of commerce, the thrifty 
in an epoch of capitalism? Since intellectual gains are indefinitely 
communicable, men do not survive according to their predisposition 
to have or not have a certain advantageous idea or belief. But 
inodes of response to stimulus are not so generalized by imitation. 
Men change their thoughts but not their elementary reactions, and, 
since according to these reactions they survive or perish, it is pos¬ 
sible for motor and emotional differences to arise between peoples 
one in blood but unlike in social history. 

Let the social psychologist account for the cultural differences 
between peoples and for the moral differences that hinge on some 
cultural element. Only the simple undecomposable reactions in¬ 
volving no conceptual element, would fall to the race-psychologist. 
Of course, it is not easy to tell which characteristics are elementary. 
Once we thought the laziness of the anemic Georgia Cracker came 
from a wrong ideal of life. Now we charge it to the hook-worm 
and administer thymol instead of the proverbs of Poor Richard. 
The Negro is not simply a black Anglo-Saxon deficient in school¬ 
ing. but a being who in strength of appetites and in power to 
control them differs considerably from the white man. Many of 
the alleged differences between Chinese and Occidentals will be 
wiped out when East and West come to share in a common civiliz¬ 
ation. But it will be found perhaps that the Occidental's love of 
excitement, speculation, sport, and fighting flows from his greater 
restlessness, due to a thousand years less of schooling in industrial¬ 
ism than the Chinese have had. Again, those who imagine that by 
imparting to Hindoos or Cinghalese our theology, the missionary 
endows them with our virtues and capacities, certainly fail to 
appreciate how much these depend on certain elementary motor 
reactions. 

Passing now from the differentiae of peoples to the broad psychic 
differences that appear within a given population, we first set aside 
as foreign to our purpose the problems that engross the sex-psych¬ 
ologists, the child-study people, the alienists, and the criminalists. 
The mental varieties they deal with are at bottom anthropic, and 
their studies are prolongations of individual psychology. In every 
people, however, there are classes marked by divergent modes of 
nought and feeling. These class-types of mind are of societal 
origin. and the delineation and explanation of them belong, I think, 
to social psychology. Every social population is distributed into 
a series of unlike subjective environments, their nature depending 
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largely upon the constitution of the society. Each of these special 
horizons tends to form men into a class and create a mental type. 
Hence arise two problems: first, to determine the characteristics 
proper to each class, recognizing, of course, that in fact these are 
often blurred and confused by modifying influences coming from 
other classes; second, to show how these characteristics are gener¬ 
ated by the manner of life imposed on that class by its position in 
the social system. The married and the unmarried lead quite dis¬ 
similar lives, and no doubt some day we shall know the nature and 
causes of the psychic differences between the conjugal and the 
celibate. Already the disciples of Lc Play, after distinguishing the 
communal family, the individualistic family, and the stem-family, 
have sought to differentiate the moral types that tend to arise 
within these several domestic groups. The contrasts of rural and 
urban types must ever be drawn afresh, for the city and country 
of our day are not city and country as Aristophanes and Molidre 


Occupation is perhaps the chief molder of classes. The familiar 
distinction of hunting, pastoral, agricultural, and industrial stages 
of social evolution does not become significant until it is recognized 
that each of these is not only a mode of production, but also a life. 
The business-man and the farmer differ in their mental processes 
and a full setting-forth of this contrast would throw much lighten 
revolutions in parties and policies. One of the grea cst finds in 
recent sociology resulted from carefully comparing the leisure-class 
mind with the mind of the productive classes, and the rails dew-l¬ 
oped by industrial employments with those called forth by.pecun¬ 
iary employments. Another nugget turned up by comp:mng '* 
* is*., nrevails in plastic social formations, such as imii a 
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because they are interested in incompatible social systems.” 
But it is worth pondering if the strifes of classes are not often aggra¬ 
vated by the fact that the combatants differ in mental type and do 
not understand each other. The successful conciliation of labor 
disputes suggests that the feud between capital and labor is partly 
owing to divergent modes of thought and feeling that grow up 
among employers on the one hand and workingmen on the other. 

In this epoch of democracy and deliquescence, society by no 
means falls apart into neat segments, as it did two centuries ago. 
Caste has had its day, and the compartment society, with thick 
bulkheads of privilege, prejudice, non-intercourse, and non-inter¬ 
marriage separating the classes, is well-nigh extinct. To-day the 
imprint each manner of life tends to leave on those who lead it is 
continually effaced by such assimilating influences as church, school, 
press, party, voluntary association, and public opinion. But that 
imprint must be deciphered if we are to gauge the significance of 
class ascendencies in backward or bygone societies. We need to 
know how and why a society dominated by the sacerdotal class — 
Judea or medieval Rome — differs from Sparta ruled by the warrior 
class, Venice dominated by the commercial class, Florence dominated 
by (he artisan class, or the Transvaal dominated by the rural class. 
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Professor Edward Cary Hayes, of Miami University, read a paper before 
the Section on the study of human experiences and activities as natural phenom¬ 
ena, classifying the phenomenal world into two hemispheres, the physical and 
the psychic, with a brief discussion of their relations and methods. 
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